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CROSS 


TALK 


►  BLOOD  AND  THUNDER  .  .  .  How 
many  times  have  you  been  caught  up 
in  the  excitement  of  a  news  commenta¬ 
tor’s  voice  who  thought  he  had  some¬ 
thing  hot  to  tell — only  to  find  the  item 
in  the  next  morning’s  paper  hidden 
away  in  some  corner,  of  no  real  im¬ 
portance!  This  was  going  on  before 
the  war,  and  evidently  is  a  style  into 
which  certain  commentators  throw 
themselves  in  order  to  let  the  listener 
believe  something  good  has  come  in 
over  the  wire. 

No  one  blames  a  commentator  for 
trying  to  make  his  stuff  sound  impor¬ 
tant  but  the  “now  I  am  going  to  hand 
you  a  hot  one’’  style  does  not  wear 
well  unless  there  is  really  some  warmth 
in  the  news. 

Mr.  Swing’s  rapid  rise  into  a  major 
place  among  the  nightly  commentators 
may  come,  partly  at  least,  from  the 
fact  that  he  does  not  seem  all  out  of 
breath  with  the  importance  of  his 
comments. 

►  T.E.I.A.  ...  In  1936  students  of  an 
extension  course  in  television  in  Holly- 
wix)d  formed  the  Hollywood  Television 
Society.  Now  the  Society  enlarges  the 
scope  of  its  activities  by  forming  a 
national  organization  whose  aims  “will 
be  the  same  as  the  I.R.E.’s  are  for 
radio.’’  This  will  be  known  as  the  Tele¬ 
vision  Engineers’  Institute  of  America; 
George  H.  Seward  is  the  moving  spirit; 
and  national  headquarters  are  to  be  at 
763  Gower  Street,  Hollywood.  Members 
are  welcome  and  applications  may  be 
obtained  by  applying  to  Mr.  Seward. 


men  having  served  previously  in  the 
Navy  or  Coast  Guard  may  be  advanced 
immediately  to  radioman,  third  class. 
The  requirements  for  enlistment  for 
apprentice  seamen  are:  unmarried  men, 
age  18  to  24  inclusive,  height  five  feet 
six  inches  to  six  feet  four  inches,  mini¬ 
mum  weight  122  pounds,  grammar 
school  education.  Apply  the  nearest 
Coast  Guard  office. 

►  NO  FIGHT  ...  On  October  2  an¬ 
nouncement  by  RCA  and  Farnsworth 
that  an  interchange  of  patent  agree¬ 
ments  had  taken  place,  put  an  end  to 
much  speculation  as  to  what  would  ulti¬ 
mately  happen  between  these  two  large 
holders  of  television  patents  when  the 
time  came  to  put  television  on  the  map. 
By  these  agreements  each  party  re¬ 
ceived  the  right  to  use  the  inventions 
of  the  other  in  the  fields  of  television 
and  in  other  fields  of  their  respective 
businesses.  Neither  Corporation  ac¬ 
quired  any  right  to  grant  sub-licenses 
to  third  parties  under  the  patents  of 
the  other  Corporation. 

Incidentally,  much  interesting  infor¬ 
mation  on  the  patent  policies  of  RCA 
will  be  found  in  a  publication  of  the 
RCA  Institutes  Press,  a  brochure  by 
Otto  S.  Shairer,  Vice-president  of  RCA. 
It  tells  of  the  early  history  of  the  Cor¬ 
poration,  and  of  its  cross  licensing 
agreements  with  GE,  Westinghouse, 
AT&T,  etc.,  and  of  the  manner  in  which 
these  agreements  have  changed  with 
time.  It  relates  something  of  the  man¬ 
ner  in  which  RCA  acquires  its  patents, 
or  rights  to  use  other’s  patents,  how 
it  pays  inventors  for  those  patents  it 
purchases,  of  why  it  prefers  to  buy 
outright  rather  than  to  pay  royalties, 
and  gives  data  on  the  royalties  which 
RCA’s  competitors  pay  it  for  the  use 
of  its  patents.  This  amounts  to  about 
31  per  cent  on  the  manufacturing 
licensee’s  selling  price  of  complete  re¬ 


►  SERVICE  .  .  .  Opportunity  to  en¬ 
list  and  to  serve  in  the  United  States 
Coast  Guard  is  made  possible  at  the 
moment  by  the  fact  that  this  branch 
of  the  Government  is  to  greatly  in¬ 
crease  its  force  of  enlisted  men.  Espe¬ 
cially  wanted  are  radiomen.  Ex-radio¬ 


ceivers  sold  for  domestic  use,  about  1.8 
per  cent  of  the  manufacturer’s  price 
for  sets  to  be  sold  abroad,  5  per  cent  of 
the  manufacturer’s  price  for  radio  tubes 
for  domestic  use  and  2J  per  cent  for 
tubes  for  export. 

It  is  interesting  to  note  that  several 
hundred  licenses  have  been  granted 
for  the  nominal  sum  of  one  dollar  to 
radio  broadcast  stations  which  ac¬ 
quired  their  apparatus  from  unlicensed 
sources. 

In  this  brochure  there  is  a  list  of 
patents  not  yet  expired  which  enter 
into  the  design  and  construction  of 
radio  receivers  and  tubes. 

►  INVENTION  .  .  .  An  advertisement 
of  a  new  automobile  antenna  states 
that  this  new  aerial  is  the  only 
one  that  “is  grounded  in  two  places.’’ 
This  reminds  us  of  an  antenna  we  once 
had.  It  fell  down  and  got  covered  up 
with  wet  leaves.  It  did  not  work  very 
well,  which  was  disappointing,  because 
we  thought  we  might  have  something 
new.  We  burned  the  leaves  and  hung 
the  wire  up  on  insulators  and  finally 
grounded  the  near  end  of  the  wire 
through  a  coil  tightly  coupled  to  one  of 
the  coils  in  the  set.  This  worked  much 
better  than  the  grounded  antenna.  (Ad¬ 
vertisement  really  meant  that  the  shield 
was  grounded  in  two  points.  Why  can’t 
they  write  these  ads,  correctly?) 

►  CREDIT  .  .  .  Through  an  unfor¬ 
tunate  oversight  the  photograph  used 
as  cover  of  the  September  cover  was 
not  credited  to  its  photographer,  Mr. 
Richard  Wurts  of  Wurts  Brothers,  New 
York  City.  Not  only  is  Dick  Wurts  a 
good  photographer,  but  he  is  a  good 
fellow  to  boot,  and  your  editors  had 
every  intention  of  pointing  out  the 
fact  that  he  was  responsible  for  the 
cover  photo. 
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FROM  4  FEET  AWAY .  .  . 


%  *^5* 


.••is  readily  done  with 

S.S.  WHITE  FLEXIBLE  SHAFTS 


Consideration  of  the  illustrations  also  makes  clear 
how  flexible  shafts  reduce  the  problem  of  remote  ad¬ 
justments  to  simplest  terms. 


The  particular  shafts  used  are  of  the  type  developed 
by  S.  S.  WHITE  for  remote  control,  with  special  char¬ 
acteristics  which  satisfy  the  requirements. 


S.  S.  WHITE 


The  S.  S.  White  Dental  Mfg.  Co. 

INDUSTRIAL  DIVISION 

Department  E,  10  East  40th  St.,  New  York,  N.  Y. 
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In  this  M.S.A.  MICROPROJECTOR,  three  S.  S.  WHITE 
Flexible  Shafts  serve  as  the  means  for  focusing  the 
microscope  from  a  distance  of  approximately  four  feet. 
And  the  satisfactory  functioning  of  the  shafts  for  this 
purpose  proves  their  suitability  for  instruments  and 
other  applications  requiring  close,  and  even  delicate, 
adjustment  from  a  remote  point. 


The  MS.4.  MICROPROJECTOR  is 
used  in  dust  determinations.  By  pro¬ 
jecting  an  enlarged  image  of  the 
mieroscope*s  field  on  a  ruled  translu¬ 
cent  screen,  it  greatly  simplifies  and 
speeds  up  the  accurate  counting  and 
size-estimation  of  dust  particles  in  col¬ 
lected  impinger  samples,  it  is  made 
by  the  Spencer  Lens  Co.  and  distributed 
exclusively  by  Mine  Safety  Appliances 
Co.,  Pittsburgh,  Pa. 


On  request,  we  will  be  glad  to  send  you  printed 
matter  giving  details  about  these  remote  control  shafts 
and  their  application.  Write  for  it. 


Anytime  you  have  a  mechanical  re¬ 
mote  control  problem  let  our  engi¬ 
neers  help  you  work  it  out  •  .  .  No 
obligation. 
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Left,  the  tranamitting  equipment  set  up  on  the  East  Boston  Airport. 
In  the  foreground  are  two  triode  oscillators  and  modulating  equip¬ 
ment  used  in  the  tests.  Center,  closo-up  view  of  one  of  the 
700-Mc  oscillators.  Right  looking  into  the  mouths  of  the  two 
horn  radiators  which  set  up  the  oeerlopping  horisontal  signal 
patterns 


Recent  progress  in  the  field  of 
the  ultra-ultra  high  frequencies, 
above  500  Me,  has  consisted  princi¬ 
pally  in  the  development  of  more 
efficient  generators,  more  sensitive 
detectors.  Behind  the  scenes,  how¬ 
ever,  several  organizations  have  been 
working  toward  the  application  of 
the  very  short  waves  to  the  prob¬ 
lems  of  aerial  navigation  and  guid¬ 
ance.  One  of  the  outstanding  ex¬ 
amples  of  this  work  is  the  collabora¬ 
tion  between  the  Civil  Aeronautics 
Authority  and  the  Massachusetts  In¬ 
stitute  of  Technology  on  a  system  of 
instrument  landing  which  employs 
40  centimeter  waves*  and  which 
makes  use  of  nearly  all  of  the  mod¬ 
ern  developments  in  the  field  of 


microwave  research.  The  system  is 
the  solution  of  a  problem  proposed 
by  a  C.A.A.  engineer,  Irving  Metcalf, 
and  developed  in  practical  form  by 
the  electrical  engineering  depart¬ 
ment  staff  of  M.  I.  T.  under  Pro¬ 
fessor  E.  L.  Bowles.  The  apparatus 
was  recently  demonstrated  in  ex¬ 
perimental  form  to  C.A.A.  officials 
at  the  East  Boston  Airport. 

Beams  from  Horn  Radiators 

The  transmitting  equipment  oper¬ 
ates  on  a  frequency  of  approxi¬ 
mately  700  Me.  At  such  high  fre¬ 
quencies,  beams  may  be  formed 
by  radiating  the  energy  from  horn 
structures  of  convenient  dimensions. 
Two  such  horns  were  used  in  the 
demonstration,  each  fed  by  a  sep¬ 
arate  transmitter.  The  horns  are 
wooden  structures,  about  26  feet 
deep,  and  10  by  2*  feet  at  the 


mouth.  They  are  lined  with  copper 
sheeting.  At  the  end  of  each  horn 
is  a  rectangular  box  which  closes  the 
throat.  Inside  the  box  is  a  quarter- 
wave  antenna  which  protrudes  into 
the  box  directly  from  a  coaxial 
transmission  line.  The  length  of 
the  antenna  is  about  10  cm.s, 
(roughly  4  inches).  The  700-Mc 
energy  radiated  from  the  antenna 
is  conveyed  down  the  horn  to  its 
mouth,  and  there  it  spreads  out  in  a 
flat  fan-like  pattern,  whose  width  is 
at  right  angles  to  the  long  dimension 
of  the  mouth  of  the  horn  and  parallel 
to  the  ground.  (This  relation¬ 
ship  obeys  the  rule  for  diffraction 
effects,  namely  that  the  diffraction 
pattern  spreads  widest  at  right  an¬ 
gles  to  the  long  dimension  of  the 
slit).  Consequently  the  horn  gener¬ 
ates  a  flat  nearly  horizontal  beam  of 
signal,  inclined  at  a  slight  angle 


*  A  preliminary  report  of  this  work  was 
carried  in  the  January,  1939  issue  of 
Electronics,  pages  12-14.  The  demonstra¬ 
tion  was  reported  from  the  aeronautical 
point  of  view  in  the  November,  1939,  issue 
of  Ariation. 
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40  -CM  Waves  for  Aviation 


Tests  at  M.I.T.  reveal  practical  apparatus  for  generating  a  40-cm  “hillside*’  of  signal  for 
blind  landing  of  airplanes.  Horn  radiators  and  a  receiver  having  15-microvolt  sensitivity 
show  practicability  of  700-Mc  communication 


Similar  in  appsarancc  to  a  hypodermic  needle,  thie  "coaxial" 
antenna  is  mounted  on  the  wing  strut  of  the  plane.  The  antenna 
proper  is  the  quorter-waxe  (4-inch)  length  of  wire  protruding 
from  the  coaxial  line 


The  klystron  oscillator,  mounted  in  a  truck  complete  with  high 
▼oltage  power  supply  and  xacuum  system,  is  capable  of  power 
in  excess  of  100  watts  at  40  cms.  This  is  one  of  the  first  applica¬ 
tions  of  the  new  "beam-group"  tubes  to  radio  conununication 


to  the  airport  surface.  Two  horns 
are  used,  each  fed  with  signals  of 
the  same  frequency,  one  modulated 
at  150  cps,  the  other  at  90  cps. 
The  horns  are  set  up  so  that 
the  central  axis  of  one  makes  an 
angle  of  5  degrees  to  the  earth’s 
-surface,  the  other  an  angle  of  10  de¬ 
grees.  The  fan-like  beams  from  the 
two  horns  overlap  in  a  region  which 
extends  from  about  3  degrees  to  7 
degrees.  The  overlap  region  consti¬ 
tutes  a  “hillside”  of  signal  down 
which  the  plane  glides  to  the  airport 
surface.  In  the  plane,  the  receiver 
tells  the  pilot  when  both  signals  (90 
I’ps  and  150  cps  modulations)  are  re¬ 
ceived.  When  both  are  received  at 
equal  strength  the  glide  angle  is  7.5 
degrees,  which  is  somewhat  steep 
for  most  aircraft,  hence  the  re¬ 
ceiver  is  set  to  indicate  the  proper 
position  when  the  upper  beam  is 


received  somewhat  stronger  than  the 
lower,  producing  a  normal  glide 
angle  of  from  3  to  4  degrees. 

The  arrangement  just  described 
gives  so-called  “vertical  guidance”, 
that  is,  it  guides  the  plane  in  the 
up-down  direction.  Similar  guidance 
in  the  horizontal  or  left-right  direc¬ 
tion  is  also  necessary.  In  the  demon¬ 
stration  the  horizontal  guidance  was 
provided  by  a  conventional  long-wave 
runw’ay  localizer  transmitter,  de¬ 
signed  and  operated  by  engineers  of 
the  Washington  Institute  of  Tech¬ 
nology.  When  the  C.A.A.-M.I.T. 
system  is  completed,  the  horizontal 
guidance  may  be  set-up  by  40-cm 
waves  in  the  same  fashion  as  the 
vertical  guidance. 

The  700-Mc  Generators 

The  horn  structures  just  described 
are  highly  directional  (in  the  plane 


of  the  fan  pattern)  and  hence  con¬ 
serve  the  energy  fed  to  them  from 
the  transmitter  proper.  For  this 
reason,  very  small  amounts  of  trans¬ 
mitter  power  will  suffice,  so  long  as 
the  receiver  in  the  plane  has  ade¬ 
quate  sensitivity.  Two  possibilities 
arise:  a  transmitter  of  several  hun¬ 
dred  watts  power  may  be  used  with, 
an  insensitive  receiver,  or  a  few 
w’atts  of  transmitter  power  may  be- 
used  with  an  elaborate  receiver.  The 
low’-power  arrangement  was  used  at 
the  demonstration,  although  the 
high-power  method  has  been  tested, 
with  success. 

The  generation  of  hundreds  of 
watts  of  power  at  700  Me  has  been 
possible  only  since  the  advent  of 
the  beam-type  of  cathode-ray  gener¬ 
ator.  One  of  the  “klystron”  genera¬ 
tors  originated  at  Stanford  Univer¬ 
sity  was  available  for  the  purpose,. 
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and  was  set  up  in  operating  condi¬ 
tion  on  the  airport,  mounted  in  a 
truck  complete  with  high  voltage 
power  supply  and  a  continuous 
vacuum-pumping  system.  With  less 
than  100  watts  output,  in  previous 
tests,  adequate  signal  strength  was 
received  in  the  plane  at  a  distance  of 
more  than  25  miles,  which  consti¬ 
tutes  a  record  for  microwave  trans¬ 
missions.  In  the  demonstration, 
however,  it  w-as  more  convenient  to 
use  lower  power,  and  to  rely  on  the 
high  sensitivity  of  the  receiver. 
Accordingly,  two  conventional  tri- 
ode  oscillators  were  used,  one  for 
each  horn  radiator.  The  oscillators 
employed  the  Western  Electric  type 
316A  door-knob  tubes  in  coaxial-line 
tuned  circuits,  and  were  fed  with 
about  25  watts  of  power,  one  modu¬ 
lated  at  90  cps,  the  other  at  150  cps. 
The  output  of  the  oscillators  was  in 
the  neighborhood  of  one  watt  at  700 
Me  (43  ems),  but  even  this  small 
power  was  adequate  to  produce  a 
strong  signal  at  distances  greater 
than  five  miles.  Since  the  glide  path 
to  the  airport  surface  is  usually  less 
than  five  miles  long,  the  performance 
was  satisfactory,  despite  the  very 
low  power  of  the  transmitters. 

The  15-Microvolt  Microwave  Receiver 
From  the  standpoint  of  radio 
engineering,  the  most  significant  de¬ 
velopment  in  the  project  (save  pos¬ 
sibly  the  use  of  horn  radiators)  is 
the  40-cm  receiver.  This  receiver 
displays  the  phenomenal  sensitivity 
of  15  microvolts  input  for  full  out¬ 
put  (off-scale  swing  on  the  indicat¬ 
ing  meter).  The  tube  lineup  is 
shown  in  the  accompanying  figure. 
The  antenna  is  of  the  coaxial  variety 
developed  by  the  Bell  Labs.  It  is 
fixed  to  one  of  the  wing  struts.  The 
coaxial  lead-in  connects  to  the  input 
circuit.  The  first  detector  is  a  diode 
tube,  a  W.  E.  development  type.  This 
tube  serves  two  functions.  In  the 
first  place  it  develops  the  third  har¬ 
monic  of  the  oscillator  output,  and  in 
the  second  place  it  mixes  this  third 
harmonic  with  the  input  signal, 
producing  a  10-Mc  intermediate 
frequency.  The  dual  aspect  of  the 
diode  action  is  illustrated  in  the  ac¬ 
companying  diagram.  Three  tuned 
circuits  are  connected  in  series  with 
the  diode,  as  shown.  The  first  is 
tuned  to  700  Me,  the  input  fre¬ 
quency.  The  second  is  tuned  to  230 
Me,  the  oscillator  frequency,  and  the 
third  is  tuned  to  10  Me,  the  inter- 


Diode  mixer 


The  diode  iirst-detector  circuit  in  the  superheterodyne  receirer.  Circuits 
tuned  to  the  signal  frequency,  the  oscillator  frequency  and  the  inter¬ 
mediate  frequency  are  connected  in  series  with  the  diode,  which  de¬ 
velops  the  third  harmonic  of  the  oscillator  output  and  mixes  it  with  the 
signal,  simultaneously 
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Tube  line-up  of  the  receiver.  Two  700-Mc  signals,  modulated  at  90  and 
150  cps  respectively,  are  amplified  several  hundred  thousand  times 
before  separation  in  a  filter  and  applied  to  the  indicating  meter 


mediate  frequency.  At  other  than 
these  resonant  frequencies,  the  tuned 
circuits  are  essentially  short  cir¬ 
cuits,  so  it  is  possible  to  consider 
the  action  of  each  circuit  as  though 
it  were  the  only  element  in  the  series 
with  the  diode.  Hence  the  diode  pro¬ 
duces  a  690  Me  frequency  as  the 
third  harmonic  of  the  oscillator  volt¬ 
age,  mixes  it  with  the  700  Me  input, 
and  derives  the  10  Me  i-f  voltage, 
simultaneously. 

The  oscillator  proper,  which  em¬ 
ploys  a  955  acorn  triode,  is  a  spe¬ 
cially-designed  coaxial  tuned  circuit 
similar  to  those  developed  by  Peter¬ 
son.  The  tuned  circuit  is  in  the  form 
of  a  high-Q  resonator,  which  en¬ 
closes  the  tube,  and  which  is  so  pro¬ 
portioned  as  to  produce  a  highly 
stabilized  output. 

The  i-f  output  of  the  first  detector 
is  amplified  in  two  1852  i-f  stages, 
which  pass  a  band  several  hundred 
kilocycles  wide,  but  which  develop  a 
gain  of  several  thousand  times  over¬ 
all.  The  second  detector  is  a  diode 
element  in  a  6SQ7  diode-triode  tube. 
Then  follows  the  triode  section  of 
the  same  tube  as  an  a-f  amplifier. 


A-v-c  voltage  is  developed  and  ap¬ 
plied  to  the  1852  tubes.  The  audio 
output  of  the  6SQ7  is  then  fed  to 
an  elaborate  a-v-c  controlled  audio 
amplifier  employing  four  6SK7 
tubes,  the  first  and  last  triodes,  the 
others  as  pentodes. 

The  output  of  the  third  6SK7 
feeds  a  6R7  which  acts  as  an  a-v-c 
diode  and  amplifier.  A-v-c  voltage 
is  applied  to  all  four  6SK7’8,  with 
the  result  that  the  output  is  sub¬ 
stantially  constant  (within  about  20 
per  cent)  with  audio  frequency  in¬ 
puts  ranging  from  one  millivolt  to 
three  volts.  The  gain  in  this  ampli¬ 
fier  is  very  great,  of  the  order  of 
100,000  times.  The  problem  of 
motor-boating  and  noise  has  been 
solved  by  the  use  of  resistance-ca¬ 
pacitance  band-pass  couplings  be¬ 
tween  stages,  which  pass  components 
from  50  to  400  cycles,  thus  including 
the  90-cps  and  ISO-cps  modulations 
which  are  of  importance,  but  dis¬ 
criminating  against  noise,  and  in¬ 
hibiting  low-frequency  oscillations. 

The  output  of  the  final  6SK7  amp¬ 
lifier  leads  to  a  filter  which  sep¬ 
arates  the  90  cps  signal  from  the 


m 


14 


November  1939  — ELECTRONICS 


F 


Below,  the  test  plane 
making  on  approach  to 
the  iield,  following  the 
indications  of  the  landing 
instruments.  The  horns 
are  situated  to  one  side 
of  the  landing  path.  The 
signal  regions  radiated 
are  inclined  to  and  nearly 
parallel  to  the  airport 
surface 


Abore.  the  two  horns 
Tiewed  from  the  side. 
The  axis  of  one  horn  ex¬ 
tends  at  on  angle  of  5 
degrees  to  the  airport  sur¬ 
face,  the  other  at  10  de¬ 
grees.  The  OTerlap  region 
between  the  flat  hori¬ 
zontal  signal  radiated  from 
them  constitutes  the  signal 
followed  in  landing  the 
plane 


150  cps.  Each  of  these  components 
is  amplified  individually  in  the  sec¬ 
tions  of  a  6F8G  double  triode,  and 
applied  to  two  copper  oxide  bridge- 
type  rectifiers.  The  connection  be¬ 
tween  opposed  outputs  of  the  two 
bridges  is  made  to  a  zero-center 
microammeter  which  thereby  is  made 
to  indicate  the  relative  strength  of 
the  90-  and  150-cps  components.  The 
gain  of  the  90  cps  channel  may  be 
varied  in  the  6F8G  stage  relative 
to  that  in  the  150  cps  channel.  This 
allows  a  zero-center  indication  to 
be  obtained  with  varying  ratios  of  90 
cps  to  150  cps  modulation,  which 
in  turn  corresponds  to  positions  in 
the  upper  and  lower  portions  of 
the  overlap  region  between  the  two 
fan  patterns.  By  adjusting  the  rela¬ 
tive  gain  of  the  two  channels,  the 
glide  angle  may  be  adjusted  to  suit 
the  landing  characteristics  of  dif¬ 
ferent  types  of  planes. 

Observations  During  Test  Flights 

In  the  test  flights,  the  pilot  flew 
about  five  miles  from  the  airport, 
and  picked  up  the  glide  path  at  an 
altitude  of  about  900  feet.  By  keep¬ 


ing  the  two  cross  pointers  on  the  in¬ 
dicating  instrument  (one  for  the 
vertical  guidance,  the  other  for  the 
horizontal),  he  guided  the  plane  to 
the  airport  surface,  but  did  not  land 
because  of  a  high  crosswind  which 
would  have  made  landing  difficult. 
Throughout  the  descent,  the  rate  of 
climb  meter  and  the  airspeed  indi¬ 
cator  remained  fixed  in  position, 
indicating  that  the  plane  was  follow¬ 
ing  a  straight  line  to  the  ground. 
The  straight-line  aspect  of  the  sys¬ 
tem  is  an  important  distinction  from 
that  of  the  conventional  longer-wave 
instrument-landing  systems,  which 
follow  a  more  or  less  curved  contour 
of  constant  signal  strength.  The 
straight  line  path  of  the  new  system 
makes  a  definite  point  of  contact 
with  the  ground,  so  that  the  plane 
reached  its  lowest  altitude  over  a 
region  no  more  than  50  feet  in 
diameter. 

The  indications  of  the  system 
were  also  made  to  appear  on  a 
cathode-ray  tube,  on  whose  face 
three  spots  appeared.  The  spots 
w'ere  formed  by  a  commutating  sys¬ 
tem,  and  were  so  controlled  that  they 


indicated  not  only  the  position  of  the 
plane  relative  to  the  glide  path  but 
also  the  tilt  of  the  planes  wings,  and 
its  azimuthal  position.  The  latter 
indications  were  derived  electrically 
from  the  gyro  compass  and  artificial 
horizon  instruments  in  the  plane,  in 
the  manner  described  in  the  refer¬ 
ence  previously  cited.  The  three 
luminescent  spots  have  the  appear¬ 
ance  of  fixed  spots  on  the  ground, 
and  hence  allow  the  pilot  to  judge 
almost  instinctively  his  position  rela¬ 
tive  to  the  airport  at  all  times  dur¬ 
ing  the  descent. 

Since  the  horns  determine  the 
shape  of  the  pattern,  the  glide  path 
is  not  changed  by  variations  on  the 
airport  surface,  such  as  would  be 
caused  by  a  snowfall.  The  signal  re¬ 
gions  extend  a  considerable  distance 
to  the  left  and  right  of  the  horn 
openings,  hence  it  is  quite  feasible 
to  place  the  horns  to  one  side  of  the 
glide  path,  and  thus  remove  them 
from  the  airport  surface.  The  photo¬ 
graph  above  shows  the  plane  ap¬ 
proaching  the  field  on  the  landing 
beam,  and  the  relative  positions  of 
the  path  and  the  horns. — D.G.F. 
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Fig.  2 — Above,  a  total  oi  163  tubes 
is  used  to  generate  and  control  the 
alternating  currents  which  produce 
the  tones 


trolling  oscillators  need  be  adjusted. 

The  instrument  is  normally  set  at 
A  440  cycles  per  second  at  the  fac¬ 
tory  but  should  it  be  necessary  to 
retune  to  say  A  444  then  this  can 
be  accomplished  in  six  minutes  by 
the  musician  himself.  First  the  A 
frequency  is  set  according  to  that 
desired  by  the  orchestra  conductor. 
Then  a  jumper  lead  couples  two  con¬ 
trol  tube  grids  in  second  octave 
from  top.  Each  oscillator  is  tuned 
by  a  clear  zero  beat  formed  by  pure 
fourths  and  fifths,  with  the  slight 
expansion  of  4th  and  contraction  of 
5th  for  tempering  the  scale  fur¬ 
nished  by  a  single  small  fixed  con¬ 
denser  bridging  across  the  grid  coil 
of  the  oscillator  being  adjusted.  The 
closure  error,  or  sum  of  all  the 
errors  from  setting  the  individual 
oscillator  frequencies  is  checked  by 
beating  the  final  E  against  the  A 
starting  point.  If  this  beat  rate  is 
slow  enough  to  be  counted,  then  the 
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Fig.  3 — Control  board  oi  the  Novachord.  By  manipulation  of  the  various  controls,  mxisic  similar 
to  that  oi  the  pipe  organ,  piano,  orchestra  brasses,  woodwinds  and  plucked  and  bowed  strings 

may  be  produced 


lation  of  feedback  capacity  resis¬ 
tance  RC  by  a  second  triode  section 
resembles  a  modified  relaxation  oscil¬ 
lator.  The  tuning  coil  L,  is  of  spe¬ 
cial  high  Q  construction  to  improve 
the  frequency  stability. 

The  output  of  the  first  triode  is 
essentially  sinusoidal  in  waveshape, 
one  of  the  alternations  having  its 
peak  lopped  off  somewhat.  The 
second  triode  section  gives  an  ex¬ 
tremely  rich  harmonic  output  be¬ 
cause  the  grid  is  operated  nearly  at 
cut-off*.  Two  separated  output  points 
are  used  for  isolation  and  also  to 
be  able  to  place  a  higher  amplitude 
signal  on  the  following  divider  tube. 

As  long  as  the  various  tube  oper¬ 
ating  voltages  have  the  same  ratios, 
the  frequency  remains  constant 
over  a  wide  range  in  their  actual 
magnitudes.  This  is  realized  in 
practice  by  the  simple  expedient  of 
a  common  voltage  divider  so  that 
line  voltage  changes  as  much  as  80 
to  130  result  in  no  perceptible  beat 
with  another  instrument  on  110 
volts.  Naturally  then  the  exact  fre¬ 


quency  of  supply  line  is  also  unim¬ 
portant  in  affecting  the  oscillator 
frequency. 

Tuning 

Rough  tuning  is  originally  set  by 
the  condenser  C,  and  fine  tuning 
carried  out  by  turning  a  knurled 
knob  in  one  of  the  oscillator  com¬ 
partments  to  move  in  and  out  of  the 
coil  a  single  lamination  and  vary  the 
permeability.  Once  an  instrument 
has  been  installed  the  tuning  re¬ 
mains  satisfactory  for  many  months 
except  when  the  chassis  receives 
severe  shipping  shocks  or  after  long 
aging  of  tubes.  Normally  the  orig¬ 
inal  factory  tuning  makes  an  addi¬ 
tional  tuning  at  installation  un¬ 
necessary.  Unlike  other  frequency 
generating  systems  such  as  the  con¬ 
ventional  piano  with  strings  or  a 
single  oscillator  tube  per  tone,  the 
octave  tuning  never  gets  out  be¬ 
cause  of  the  frequency  halving  units 
controlled  by  the  master  oscillators. 
Therefore,  obviously,  only  the  tem¬ 
perament  as  set  by  the  twelve  con- 


temperament  is  accurately  adjusted. 

Vibrato 

The  use  of  twelve  master  oscilla¬ 
tors  permits  a  frequency  variation 
constituting  a  vibrato  rather  than 
the  customary  volume  variation 
tremulant  and  since  it  is  rare  that 
two  adjoining  keys  will  be  depressed 
simultaneously  the  number  of  vi¬ 
brato  units  at  the  oscillators  may 
be  cut  down  to  but  six,  one  for  each 
two  consecutive  generators. 

These  vibratos  are  set  at  slightly 
different  rates  so  that  the  phase 
differences  are  constantly  changing 
to  produce  a  rich  choir  effect.  The 
actual  unit  consists  of  reeds  equipped 
with  contacts  to  switch  small  con¬ 
densers  in  and  out  of  the  tuned  cir¬ 
cuits.  A  compensating  switch  with 
correcting  condenser  maintains  the 
mean  frequency  constant  regardless 
of  whether  the  vibrato  rate  is  fast, 
slow  or  not  in  use  at  all. 

There  are  twelve  distinct  fre¬ 
quency  dividing  systems  correspond¬ 
ing  to  the  twelve  chromatic  tones 
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NOVACHORD 


By  FREDERIC  D.  MERRILL,  JR. 


Further  evidence  that  the  art 
of  electronics  is  occupying  an 
increasingly  important  role  in  the 
field  of  instruments  for  creating 
music  directly  is  presented  in  the 
recently  introduced  Hammond  Nova- 
chord. 

To  duplicate  even  partially  its 
musical  effects  from  conventional 
non-electronic  instruments  would 
require  many  of  the  tonal  resources 
of  a  church  pipe  organ,  piano,  or¬ 
chestra  brasses,  woodwinds,  harp, 
and  bowed  strings.  Although  not 
intended  to  duplicate  any  existing 
musical  instrument,  the  Novachord, 
shown  in  Fig.  1,  accomplishes  all 
this  with  a  single  simple  keyboard 
playing  technique  and  occupies  as 
little  space  as  a  4J-foot  square. 

Vacuum  tube  oscillators  for  pro¬ 
ducing  musical  tones  have  been 
suggested  many  times',  but  the  prob¬ 
lems  of  frequency  drifting,  timbre 
variety  and  proper  amplitude-time 
starting  and  decaying  character¬ 
istics  to  simulate  organ  or  percussive 
qualities  for  a  keyboard  chordal  in¬ 
strument  have  necessitated  the  use 
of  many  tubes  in  a  tremendous  com¬ 
plexity  of  circuits.  Consequently  the 
design  of  a  practical  commercial 
model  of  small  size  and  low  cost 
that  could  be  made  in  mass  produc¬ 
tion  represents  an  outstanding 
achievement  in  electronics  engi¬ 
neering. 

Principle  of  Operation 

The  present  device*  contains  163 
vacuum  tubes,  most  of  which  are  ar¬ 
ranged  within  the  easily  accessible 
shielded  compartments  of  the  main 
chassis  for  generation  and  control 
of  the  alternating  current.  This 
chassis  is  shown  in  Fig.  2.  There 
are  no  strings,  hammers,  reeds,  or 


organ  pipes  in  the  generator  system, 
in  fact  no  moving  parts  except  the 
vibrator  pendulums. 

The  twelve  top  octave  frequencies 
are  generated  by  separate  constant 
frequency  audio  oscillators  operating 
continuously.  There  are  no  other 
oscillator  tubes  because  all  the  lower 
frequencies  are  separated  by  octave 
intervals  and  furnished  by  novel  fre¬ 
quency  halvers,  called  dividers.  In¬ 
dividual  tone  keying  and  determina¬ 
tion  of  amplitude-time  character¬ 
istics  are  performed  in  the  control 
tube  sections  where  the  way  in  which 
the  grid  bias  value  varies  from  the 


instant  of  keying  is  the  important 
factor.  With  the  exception  of  the 
top  octave  that  needs  no  frequency 
dividers,  there  are  two  tubes,  i.e. 
the  divider  and  control  tubes,  asso¬ 
ciated  with  each  of  the  72  playing 
keys.  Timbre  regulation  is  accom¬ 
plished  both  at  the  input  to  the  72 
individual  non-linear  amplifier  con¬ 
trol  tubes  and  also  at  common  out¬ 
put  multiple  resonant  circuits. 

The  Oscillator  Units 

The  oscillator  circuit  for  a  single 
tempered  frequency  is  shown  in 
Fig.  4  and  it  is  noted  that  the  iso- 
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Apprcu  reionant 
frequency  ^,500  cps> 


ApprOM  resonant 
frequency  880  cps 


Approx  resonant 
frequency  425  cps 


Fig.  8 — Tha  Importance  of  the  Tori- 
oue  parts  of  the  musical  tone  range 
is  controlled  by  the  circuit  shown 

here 


slowly  through  and  in  turn  the 
increase  of  negative  potential  car¬ 
ried  over  to  C*  through  Rx,  results 
in  slowly  diminishing  the  positive 
cathode  potential,  so  that  positive 
signal  peaks  are  effective  in  pro¬ 
ducing  very  brief  plate  current 
pulses  of  increasing  amplitude.  The 
transient  charging  over,  the  plate 
current  pulses  continue  constant  in 
amplitude  as  long  as  the  key  re¬ 
mains  depressed,  since  Et  provides 
a  fixed  bias  value  less  than  cut-off. 
If  the  key  is  now  allowed  to  rise, 
Et  no  longer  passes  bias  potential 
along  to  C,  and  on  the  contrary  Cc. 
is  nearly  discharged  by  /?,  and  C« 
quickly  returns  to  normal  cut-off  po¬ 
tential  because  of  the  shorting 
An  organesque  tone  decay  results. 
But  should  the  sustaining  pedal  be 
depressed  before  the  key  is  released, 


Fig.  9 — Th*  powar  pack  which  auppIlM  250  Tolti  utat  Tacuum  tubaa 
for  flltarlng  In  placa  of  tha  condansara  uaually  uaad  for  thla  purpoaa 


the  positive  signal  voltage  alterna¬ 
tion  so  that  a  more  mellow  timbre 
of  weaker  upper  harmonics  results. 
This  “bright”-“mellow”  switch  is 
uni-controlled  for  the  entire  72 
tones,  although  the  circuit  arrange¬ 
ment  is  slightly  different  for  the 
highest  octave  and  none  is  used  in 
the  18  bass  control  tubes. 

The  keying  arrangement  for  the 
control  tube  circuit  is  given  in  Fig. 
7  and  permits  both  slow,  medium,  or 
fast  attack  as  well  as  the  sustaining 
of  the  tones  through  a  foot  pedal 
similar  in  effect  to  the  piano  pedal 
used  to  remove  string  dampers. 

A  brief  explanation  of  the  func¬ 
tioning  is  as  follows.  For  organ  ef¬ 
fects  the  attack  switch  may  be 
placed  at  “slow”  so  that  condenser 
C»  has  very  little  charge  when  play- 
I  ing  key  is  up,  owing  to  R,  being  of 
much  less  resistance  than  R,.  When 
the  key  is  depressed  C*  charges  up 


then  Ct  does  not  dissipate  its  charge 
across  R,  but  instead  much  more 
slowly  through  the  tube  itself. 

For  the  case  of  the  fast  attack,  C. 
starts  off  with  a  large  charge  when 
the  key  is  up,  rapidly  losing  it 
across  i?»,  and  C«  Rt  combination. 
This  results  in  only  a  momentary 
application  of  grid  bias  less  than 
cut-off. 

An  intermediate  setting  of  the  at¬ 
tack  switch  permits  envelopes  be¬ 
tween  those  of  a  plucked  string  and 
a  bowed  string,  the  piano  being  one 
such  example. 

Examples  of  amplitude-t  i  m  e 
curves  for  various  settings  of  the 
attack  control  switch  and  with 
key  held  down  are  given  in  Fig.  10. 
#1  corresponds  to  a  plucked  string, 
rapidly  damped  tone  while  the  ex¬ 
treme  #7  represents  a  slow  bowed 
string  attack. 

The  generator  system  for  the 


Novachord  does  not  permit  control 
over  the  amplitude  of  the  individual 
harmonics  since  the  output  from  a 
single  source,  the  control  tube,  is  al¬ 
ready  rich  in  overtones.  When  it  is 
remembered  that  many  orchestral 
instruments  are  limited  in  pitch 
range  and  the  timbre  characterized 
by  a  group  of  adjacent  harmonics 
being  especially  prominent,  the  elec¬ 
trical  counterpart  is  provided  by 
adding  one  or  more  inductive-capac¬ 
ity  circuit  elements  tuned  to  differ¬ 
ent  frequencies  as  shown  in  Fig.  8. 

The  “Full  Tone”  section  alone  will 
provide  equal  loudness  for  all  the 
keys.  The  “Brilliant”  portion  ac¬ 
centuates  the  upper  harmonics  and 
thus  the  treble  while  the  bass  is 
weakened;  the  “Deep  Tone”  accom¬ 
plishes  the  reverse.  In  this  way  the 
timbre  and  tone  volume  between 
bass  and  treble  is  balanced  without 
any  sudden  discontinuities. 

The  keyboard  range  of  funda¬ 
mental  frequencies  to  be  reproduced 
is  from  43.7  cycles  per  second  to 
2637  cycles  per  second,  a  full  six 


Fig.  10 — Amplitude- tiine  curres  ior 
attack  switch  positions 

octaves.  It  is  noted  that  the  reson¬ 
ant  frequency  of  the  third  tuned 
circuit  is  approximately  2500  cycles 
per  second,  just  at  this  upper  key¬ 
board  limit.  Obviously  harmonics  of 
the  fundamentals  extend  far  beyond 
the  2637  value. 

If  one  of  the  resonator  circuits 
has  its  largest  resistance  setting  and 
all  other  resistances  are  set  at  zero, 
then  a  given  band  of  harmonica  will 
be  particularly  emphasized.  A  set¬ 
ting  of  some  resistance  at  the  “Full 
Tone”  will  allow  part  of  the  regular 
output  from  control  tubes  to  pass 
through  unaltered  as  well  as  di¬ 
minish  the  accentuation  of  a  par¬ 
ticular  resonant  frequency  range  by 
that  resonator. 

Although  the  keys  are  not  touch 
responsive  as  the  ordinary  piano  is, 
this  is  partly  compensated  for  by 
the  attack  switch  being  set  at  posi¬ 
tion  #3  or  #4  to  allow  the  tone  vol¬ 
ume  from  the  longer  held  keys  to 
(Continued  on  Page  92) 
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of  the  octave;  that  is,  one  system 
provides  all  but  one  of  the  C  octave 
tones,  another  all  but  one  of  the  C# 
octave  tones,  etc.  Within  a  given 
system  there  may  be  as  many  as  five 
frequency  halving  units  with  a 
single  pentode  6W7G  to  each  unit.  A 
given  system  consists  of  a  series  of 
these  vacuum  tubes  connected  to¬ 
gether  in  cascade  fashion  and  sup¬ 
plied  at  the  input  by  one  of  the 
master  oscillators.  The  outputs  of 
each  divider  unit  are  also  rich  in 
harmonics.  It  is  re-emphasized  that 
these  tubes  are  not  oscillators  for  if 
the  input  signal  is  removed,  then  no 
output  signal  remains.  Each  tube 
acts  as  a  non-linear  amplifier. 

The  typical  divider  circuit  il¬ 
lustrated  in  Fig.  5  merely  passes 
plate  current  pulses  for  every  other 
positive  grid  voltage  alternation. 


Fig.  4 — Oscillator  circuit  lor  a  singlo 
tempered  frequency.  Li  is  of  high-Q 
construction  to  Increase  frequency 
stability 


Fig.  5 — ^Typical  frequency  diTider 
drcult  Erery  other  grid  Toltoge 
pulse  permits  a  passage  of  plate 
current 


Fig.  ft— Control  tube  circuit  in 
which  is  generated  a  Toltage  rich 
in  harmonics  and  which  controls 
the  brillonce  of  the  tone 


The  arrangement  resembles  a  self 
biased,  cascade  connected  resistance 
coupled  amplifier  except  for  the  cir¬ 
cuit  constants  and  the  tw’o  addi¬ 
tional  condensers  Ci  and  Cj.  Owing 
to  the  self  biasing  of  the  tube,  the 
cathode  floats  at  a  direct  current 
potential  with  respect  to  ground  so 
that  the  voltage  between  cathode 
and  grid  will  be  the  cut-off  voltage 
of  the  tube.  Hence  the  direct  cur¬ 
rent  through  the  tube  is  practically 
fixed,  almost  entirely  independent  of 
the  input  signal  and  extremely  small 
in  average  value. 

One  can  thus  consider  the  opera¬ 
tion  taking  place  at  a  point  so  close 
to  cut-off  that  completely  non-linear 
operation  results.  Naturally  if  the 
grid  voltage  goes  only  a  minute  de¬ 
gree  positive  with  respect  to  cathode 
voltage,  a  sudden  large  surge  of  cur- 
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Fig.  7 — This  keying  arrangement 
pjOTides  slow,  medium  and  fast  at¬ 
tack.  Means  for  sustained  tones  is 
also  proTided 


rent  will  take  place.  On  the  other 
hand  any  further  increase  of  bias 
can  only  serve  to  reduce  an  already 
small  plate  current.  Only  alternate 
positive  excursions  of  the  grid  are 
effective  in  producing  plate  current 
pulses  because  of  the  inter-depend¬ 
ence  of  the  grid  to  cathode  potential 
owing  to  the  condenser  Ci,  and  the 
influence  of  C,  in  discharging  owing 
to  the  rapid  flow  of  cathode  current 
to  finally  produce  cut-off.  The  grid 
becomes  sufficiently  negative  to  pre¬ 
vent  the  following  signal  cycle  from 
pulsing  the  plate  but  by  the  time 
the  second  input  signal  cycle  arrives 
the  grid  potential  has  diminished 
enough  to  allow  another  short  dura¬ 
tion  plate  current  pulse. 

While  both  waveforms  across  C, 


and  C,  are  sawtooths,  that  at  C«  has 
the  greater  amplitude  and  slope  and 
is  therefore  more  effective  in  driv¬ 
ing  the  next  frequency  halving  unit. 

It  is  interesting  to  note  that  an 
increase  of  the  Ri  Rs  combination 
beyond  the  1  to  3  megohm  range 
may  result  in  frequency  being  di¬ 
vided  by  three  or  a  larger  integer 
than  the  desired  two.  Below  one 
megohm  the  output  frequency  may 
be  the  same  as  the  input. 

Envelope  Control  Tube  and  Circuit 

The  onset  and  decay  of  the  musical 
tone  are  just  as  important  as  the 
harmonic  content,  for  if  the  timbre 
is  kept  constant  and  only  the  ampli¬ 
tude-time  characteristics  altered,  one 
may,  for  one  example,  pass  through 
the  surprising  range  of  musical  ef¬ 
fects  of  a  plucked  string  (guitar), 
a  struck  string  (piano),  a  bowed 
string  (violin)  and  even  an  organ 
tone.  A  rectangular  beginning  and 
ending  envelope  heard  in  an  acousti¬ 
cally  dead  room  is  generally  tire¬ 
some  when  used  for  an  appreciable 
time  and  certainly  unlike  any  famil¬ 
iar  non-electronic  instrument.  Con¬ 
sequently  it  is  desirable  to  have  the 
envelope  different  from  that  given 
by  sudden  switching  of  a  loud¬ 
speaker  to  a  continuously  operating 
alternating  current  generator. 

For  each  key  of  the  Novachord 
there  is  one  control  tube  that  allows 
not  only  wide  latitude  in  the  choice 
of  envelope,  but  also  the  timbre.  Even 
were  the  input  to  the  control  tube 
grid  substantially  sinusoidal,  the 
output  would  still  possess  many  har¬ 
monics  because  the  grid  bias  is 
normally  at  cut-off  so  that  only  the 
positive  peaks  of  signal  voltage  con¬ 
tinuously  applied  are  effective  in 
producing  plate  current  pulses*. 
With  playing  key  in  up  position  the 
grid  is  so  negative  that  no  plate  cur¬ 
rent  results  even  though  there  is 
signal  voltage  on  the  grid.  The  elec¬ 
trostatic  field  of  the  grid  is  effec¬ 
tively  blocked  from  affecting  the 
plate  by  virtue  of  the  intervening 
shield  of  the  pentode. 

Under  normal  conditions  the  in¬ 
put  signal  voltage  to  grid  is  saw’- 
toothed  so  that  the  control  tube  act¬ 
ing  as  a  non-linear  distorting  tube 
furnishes  an  extremely  rich  har¬ 
monic  output.  In  the  control  tube 
circuit  shown  in  Fig.  6  the  use  of 
C,  alone  gives  a  sufficiently  brilliant 
string  tone.  The  addition  of  Ct 
serves  to  diminish  the  sharpness  of 
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FREQUENCY  MODULATED 

TRANSMITTERS 


Twenty-five  broadcast  stations  are  making  active  preparations  to  go  on  the  air  with  fre¬ 
quency-modulated  transmitters  in  the  near  future — and  the  list  is  growing.  The  equipment 
used,  now  commercially  available,  is  here  reviewed 


Frequency  modulation  has 
changed  its  status  almost  over¬ 
night  in  the  minds  of  broadcast 
engineers.  A  few  months  ago,  the 
system  was  discussed  as  an  inter¬ 
esting  and  highly  successful  method 
of  high  fidelity  broadcasting  which 
might  eventually  cause  a  revolution 
in  the  radio  industry.  Then,  sud¬ 
denly,  the  interest  took  on  a  warmer 
tone.  Now  many  broadcast  engi¬ 
neers  are  actively  considering  the 
system  as  an  operating  reality.  At 
the  present  writing  there  are  about 
25  broadcast  stations  who  either 
have  a  frequency-modulated  station 


in  operation,  have  received  a  con¬ 
struction  permit,  or  have  applied  for 
a  permit,  and  the  list  is  growing  at 
the  rate  of  two  or  three  stations  a 
week.  There  is  a  strong  temptation 
to  state  that  an  avalanche  of  activ¬ 
ity  in  frequency-modulation  is  now 
gathering  momentum,  and  indeed 
every  indication  points  to  it.  But 
predictions  in  the  radio  industry 
have  a  habit  of  backfiring,  so  we  will 
content  ourselves  with  a  review  of 
the  facts  as  they  exist.  This  review 
is  designed  especially  for  the  broad¬ 
cast  engineers  and  operators  who 
may  now  be  considering  applying 
for  a  f-m  license  and  who  want  to 
know  what  commercial  f-m  trans¬ 
mitting  equipment  is  in  operation, 
how  much  it  costs. 

As  a  preliminary,  we  can  review 
the  status  of  stations  in  operation, 
those  in  construction  and  those 
whose  applications  are  pending.  The 
outstanding  transmitter  is  W2XMN, 
the  40  kilowatt  set  owned  and  oper¬ 
ated  by  Major  E.  H.  Armstrong  at 
Alpine,  N.  J.  This  station  is  now  on 
regular  schedule  with  30  kw  output 
(40  kw  occasionally)  from  4  to  11 
pm,  except  Saturdays  and  Sundays, 
with  the  regular  programs  origin¬ 
ating  from  WQXR  and  WABC. 

In  power  it  will  shortly  be  eclipsed 

The  G.  E.  "king's  crown"  tube,  type 
GL-880.  developed  originally  for  televi¬ 
sion,  now  a  part  of  G.E.  i-m  transmitters 
of  over  3  kw  power 


by  the  Yankee  Network  Installation, 
WIXOJ,  at  Paxton,  near  Worcester, 
Massachusetts.  At  present  this  sta¬ 
tion  is  operating  at  2  kw  output, 
broadcasting  all  the  regular  pro¬ 
grams  of  the  Yankee  Network  on  43 
Me.  Soon  a  50-kw  amplifier  will  be 
added  to  bring  this  installation  up  to 
its  full  aulthorized  power.  John 
Shephard,  Jr.  of  the  Yankee  network 
has  also  applied  for  two  commercial 
licenses,  one  for  5000  watts  atop 
Mount  Washington  (altitude  6300 
feet),  and  one  for  50  kilowatts  at 
Alpine,  N.  J.  These  non-experi- 
mental  applications  have  not  yet 
been  acted  upon,  but  they  show  the 
way  the  wind  is  blowing.  Mr.  Shep¬ 
hard,  in  his  applications,  states  that 
the  period  of  experimentation  with 
frequency  modulation  is  past,  and 
the  time  for  commercial  service  has 
come. 

Experimental  transmitters  now  in 
operation  include  1000  watts  in 
Washington  (W3XO)  operated  by 
Jansky  and  Bailey.  Another  consult¬ 
ing  firm,  McNary  and  Chambers,  are 
preparing  to  experiment  with  the 
system.  Dr.  Doolittle,  owner  of 
WDRC  in  Hartford,  Conn,  has  a 
frequency-modulated  station  in  oper¬ 
ation  atop  the  Meriden  mountain. 
The  ex-amateur  W2AG  (now  experi¬ 
mental  W2XCR),  in  Yonkers,  N.  Y., 
is  on  the  air  occasionally,  usually  as 
an  adjunct  to  W2XMN  in  Alpine.  A 
construction  permit  has  been  granted 
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The  2 SO- watt  relay  tranemitter  built  for  the  Yankee  network  by 
R.E.L.  Now  in  relay  operation  sending  programs  from  Boston 
to  the  Paxton  transmitter 


to  StromberK-Carlson  in  Rochester  same  conditions  which  face  the 
(their  2-kw  transmitter  will  be  rest  of  the  industry, 
ready  for  demonstration  to  the  eniri-  The  Paxton  installation  makes  use 
neers  at  the  Rochester  F^all  Meeting,  of  two  F-M  transmitters.  The  first 

November  13-16).  Other  c-p  appli-  is  the  relay  transmitter  at  Boston, 

cations  granted  are  for  WTMJ,  Mil-  which  shoots  the  programs  direc- 
waukee,  WHEC,  Rochester,  both  2  tionally  over  the  45-mile  path  to  the 
kw;  WQXR,  New’  York,  1  kw;  for  Paxton  transmitter.  The  relay  equip- 
the  Bell  Telephone  Laboratories,  for  ment  has  250  watts  power  and  oper- 
the  National  Broadcasting  Company,  ates  on  a  center  frequency  of  133  Me. 
for  the  Mutual  Broadcasting  System  The  complete  relay  system  is  flat, 
(VVOR).  It  was  recently  announced  so  far  as  the  audio  system  goes  from 
that  the  Columbia  Broadcasting  Sys-  30  to  15,000  cps  within  1.0  db,  and 
tern  has  applied  for  a  50-kw  author¬ 
ization  for  New  York  City.  WTIC 
in  Hartford,  WEBC  in  Duluth, 

Minn.,  WTAG  in  Worcester  and 
WGAN  in  Portland,  Maine,  have  per¬ 
mits  for  construction  granted. 

WFBL,  WHDH,  and  WHIG  have  ap¬ 
plications  on  file.  A  Westinghouse 
station  in  Springfield,  Mass.,  is  in 
regular  operation.  Zenith,  Chicago, 
has  applied  for  a  5-kw  permit.  Be¬ 
fore  these  words  can  be  printed,  it  is 
safe  to  assume  that  five  or  ten  more 
applications  will  be  in. 

The  F-M  station  most  truly  repre¬ 
sentative  of  the  latest  practice, 
from  the  broadcast  engineer’s  view¬ 
point,  is  the  transmitter  at  Paxton, 

Mass,  operated  regularly  by  the 
Yankee  Network.  While  less  power¬ 
ful,  at  present,  than  Major  Arm¬ 
strong’s  transmitter,  it  is  newer 
equipment  and  most  significant,  it 
was  purchased  by  an  established 
broadcaster  under  very  much  the 


the  noise  at  all  times  is  -65  to  -70  db. 
Distortion  at  maximum  modulation 
at  the  low  frequencies  is  measured 
under  one  per  cent.  The  claim  of 
the  engineering  is  that  this  relay 
system  does  a  better  job  than  a 
wire  line  could  possibly  do,  and  at 
considerably  less  expense.  The  relay 
transmitter  has  two  complete  modu¬ 
lators,  with  a  change-over  switch 
between  them.  In  the  event  of  fail¬ 
ure  the  switch  may  be  flipped  from 
one  modulator  to  the  other  in  less 


Block  diagram  of  the  Armstrong  circuit  as  applied  in  the  R.EJ«  equipments 
from  1  kw  to  SO  kw  output.  The  50-kw  yersion  is  scheduled  for  early  installa¬ 
tion  at  Paxton,  Mass. 
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signal  will  be  available  in  New  York, 
although  at  present  the  New  York 
reception  does  not  constitute  a  regu¬ 
lar  high  fidelity  service  because  of 
occasional  fading  and  an  inadequate 
signal-to-noise  ratio. 

Commercially  Available  Transmitters 

At  present  three  names  are  asso¬ 
ciated  with  the  development  and 
manufacture  of  frequency-modu¬ 
lated  transmitters.  Westinghouse 
is  building  a  form  of  frequency 
modulated  transmitter  for  their  own 
stations  WIXFN  at  Springfield  and 
WIXKA  at  Boston  and  Pittsburgh. 
It  is  anticipated  that  possibly  at  a 
later  date,  Westinghouse  may  offer 
commercial  equipment  for  sale. 

The  General  Electric  Company, 
which  has  been  cooperating  with 
Major  Armstrong  in  F-M  develop¬ 
ments  for  several  years,  offers  a 
series  of  five  transmitters.  The 
smallest,  250  watts  output,  is  com¬ 
plete  in  itself  but  is  intended  also 
for  use  as  a  driver  stage  for  higher 
powers.  Designs  have  been  com¬ 
pleted  for  1-,  3-,  10-  and  50-kw  fre¬ 
quency-modulated  amplifiers.  De¬ 
scriptive  specification  for  all  these 
units  are  now  available. 

The  G.  E.  transmitters  differ 
somewhat  from  the  Armstrong 
method  of  obtaining  frequency 
modulation  in  that  they  employ 
the  so-called  “Crosby”  circuit.  A 
single  crystal  is  used  as  the  fre¬ 
quency  determining  source.  Feed¬ 
back  is  used  for  stabilization,  and 
reactance-tube  modulation  is  used, 
which  results  in  a  material  reduc¬ 
tion  in  the  number  of  tubes  required 
in  the  modulator.  Engineering  re¬ 
ports  indicate  that  high  fidelity,  low 
distortion  characterize  the  new 
transmitters,  and  that  their  opera¬ 
tion  is  simple,  economical  and  re¬ 
liable. 

In  the  power  amplifiers  of  3  kw 
power  and  higher,  the  new  880 
“king’s  crown”  tube  is  used.  This 
tube  was  originally  designed  for 
television  service,  and  proved  to 
have  many  advantages  in  u-h-f  serv¬ 
ice.  It  is  a  water-cooled  triode  with 
a  reentrant  anode  shell  which  re¬ 
duces  the  electrode  length  without 
reducing  the  cooling  surface. 

General  Electric  is  now  building 
a  high  power  F-M  station  near  the 
site  of  their  television  transmitter 
on  the  Helderberg  mountains  near 
Schenectady.  The  relay  channel  for 
the  television  sound  is  also  operated 


than  a  second’s  time.  Thus  far  in 
the  several  months  since  the  station 
went  on  the  air,  this  change  from 
one  modulator  to  the  other  has  never 
been  required,  but  has  been  carried 
out  to  permit  checking  and  mainte¬ 
nance  of  both  units.  The  transmit¬ 
ting  antenna  at  the  Boston  end  is 
4-bays  of  three  elements  each, 
(reflector,  radiator,  director)  hori¬ 
zontally  polarized.  The  receiving 
antenna  is  a  double  V,  one  V  above 
the  other,  with  reflectors  spaced  0.1 
wavelength  behind  each.  The  length 
of  each  leg  of  the  V  is  about  10  wave¬ 
lengths.  The  efficiency  of  the  di¬ 
rective  system  is  such  that  the  final 
amplifier  of  the  transmitter  may  be 
disconnected  without  observable  de¬ 
crease  in  the  signal-to-noise  ratio. 
Likewise  a  failure  of  the  V  receiving 
antenna  does  not  interrupt  the 
service. 

The  transmitting  equipment  at 
Paxton  is  very  similar  to  that  of  the 
relay  transmitter,  so  far  as  the 
modulating  equipment  is  concerned, 
but  the  r-f  stages  operate  at  43  Me, 
and  the  final  power  output  is  now 
2  kw.  The  audio  input  (applied  at  0 
db)  is  first  put  through  the  pre¬ 
distorter  and  corrector  amplifiers, 
which  employ  receiving  type  tubes. 
This  function  is  carried  out  in  the 
uppermost  panel  of  the  modulator 
rack,  and  takes  a  total  of  seven 
tubes.  The  audio  is  then  applied  to 
the  balanced  modulator  in  the  second 
panel  which  applies  the  audio  to  the 
output  of  the  200  kc  crystal  and 
buffer  stage  in  such  a  way  that  the 
phase  of  the  output  of  the  modulator 


shifts  by  a  maximum  phase  angle  of 
30  degrees,  at  the  audio  frequency 
rate.  Thereafter,  this  signal  with 
its  varying  phase  shift  is  multiplied 
in  frequency  a  total  of  approximately 
3000  times.  This  seems  like  a  tre¬ 
mendous  amount  of  frequency-mul¬ 
tiplication,  and  judged  by  ordinary 
standards  it  is  a  very  large  amount. 
Nevertheless  a  multiplication  of 
1000  times  is  carried  out  in  but 
three  panels,  all  of  which  employ  re¬ 
ceiving  tubes,  except  the  last  which 
employs  807  beam  power  tubes.  In 
the  Paxton  transmitter,  the  807’s 
operate  at  one  third  the  carrier  fre¬ 
quency  but  in  later  models  of  the 
same  equipment,  the  full  carrier 
frequency  is  attained  in  the  807 
stage.  In  the  Paxton  transmitter, 
the  modulator  output,  at  one  third 
the  final  frequency,  is  fed  first  to  a 
pair  of  807’s  then  a  pair  of  RK-48’s 
and  then  to  a  power  tripler  stage, 
which  produces  the  carrier  fre¬ 
quency  in  a  pair  of  1500T  tubes  and 
gives  a  two  or  three  times  power 
gain  at  the  same  time.  The  final 
amplifier  is  also  a  pair  of  ISOOT’s. 
The  antenna  is  a  4-bay  turnstile 
mounted  on  the  top  of  Mount  Asne- 
bumskit,  at  a  total  elevation  of  about 
1400  feet  above  sea  level.  Signals 
from  this  station  are  received  regu¬ 
larly  at  New  York,  over  a  distance  of 
roughly  150  miles.  In  Boston,  at  a 
distance  of  45  miles,  the  signals  are 
so  strong  as  to  provide  a  better  serv¬ 
ice,  hour  by  hour,  than  that  offered 
by  the  local  Boston  stations.  When 
the  50  kw  amplifier  is  added,  it  is 
expected  that  an  equally  excellent 


Two  Groneral  Electric  transmitters.  On  the  right  is  the  250-watt  modulator- 
exciter  which  can  act  as  a  low-power  transmitter,  or.  as  shown  at  left,  as 
an  exciter  ior  a  1-kw  ompliiier 
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Th«  2-kw  Yankes  Network  equipment  now  operating  regularly  from  Paxton, 
near  Worcester,  Mass.,  as  it  appeared  when  on  test  in  the  R.E.L.  plant.  The 
addition  of  a  SO-kw  class-C  amplifier  will  shortly  increase  the  power  to  50  kw 
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on  a  low-power  directional  F-M 
system. 

The  third  name  in  the  commercial 
picture  is  the  Radio  Enirineerinj; 
Laboratories  in  Long  Island  City, 
N.  Y.  This  concern  built  the  modu¬ 
lator  and  all  the  amplifier  stages, 
except  the  final,  for  Major  Arm¬ 
strong’s  Alpine  station,  and  they  are 
al.so  responsible  for  the  relay  and 
main  transmitters  at  the  Paxton  lo¬ 
cation. 

The  R.E.L.  line  includes  the  basic 
modulator  with  10  watts  output  at 
carrier  frequency  (this  power  out¬ 
put  is  not  intended  for  actual  trans- 
mi.ssions,  although  the  modulator  is 
in  it.self  a  complete  low-power  F-M 
transmitter).  The  amplifiers  avail¬ 
able  are  of  1-,  2-,  3-,  5-  and  50-kw 
rated  output. 

The  stage  line-up  for  the  R.E.L. 
transmitters  is  shown  in  the  ac¬ 
companying  block  diagram.  The 
modulator  is  quite  similar  to  that 
described  above  (the  Paxton  trans¬ 
mitter)  but  the  output,  instead  of 
being  at  one-third  the  carrier  fre¬ 
quency,  is  at  the  carrier  frequency 
itself.  The  final  stage  in  the  modu¬ 
lator  is  a  pair  of  807  beam  power 
tubes,  all  other  tubes  in  the  set-up 
being  receiving  type  tubes. 

The  power  amplifiers  for  1-kw 
service  make  use  of  a  pair  of  RK-47 
tubes  in  class  C  “telegraph”  service 
which  drive  a  pair  of  450TL  tubes 
in  the  output  stage.  The  power  sup¬ 
ply  for  this  transmitter  is  included 
in  the  cabinet  with  the  amplifiers. 
The  2-,  3-kw  outfits  make  use  of  a 
pair  of  RK-48’s  in  the  driver  stage, 
and  a  pair  of  ISOOT’s  in  the  final 


out-put.  The  5-kw  final  uses  2000T’s. 
The  main  difference  for  the  various 
powers  is  in  the  power  supply.  The 
50-kw  amplifier  employs  a  pair  of 
899  tubes  (formerly  called  AW-200 
tubes)  which  are  of  the  conventional 
water-cooled  variety,  having  a  con¬ 
ventional  anode  shell  but  adapted  to 
u-h-f  service.  These  tubes  form  the 
final  stage  of  the  Alpine  transmitter. 

Several  of  the  operating  charac¬ 
teristics  of  these  transmitters  are  of 
interest.  All  the  small  receiving 
tubes  in  the  modulator  unit  are  op¬ 
erated  at  180  volts,  whereas  the 
maximum  tube  ratings  are  250  volts 
or  more.  The  807  output  stage  of 
the  modulator  operates  at  350  volts 
(maximum  tube  rating  of  600  volts). 
Hence  the  tube  economy  is  high,  and 
failures  are  so  rare  that  they  can  be 
readily  circumvented  by  periodic 
checking.  The  total  frequency  mul¬ 
tiplication  in  the  modulator  unit  is 
of  the  order  of  3000  times  (from  200 
kc  to  about  43  Me  with  one  inter¬ 
mediate  frequency  conversion  down¬ 
ward).  The  final  amplifiers,  in  the 
1-,  2-,  3-,  and  5-kw  equipment,  have 
plate  efficiencies  of  the  order  of  60 
to  70  per  cent.  The  total  frequency 
swing  for  100  per  cent  modulation  is 
about  150  kc,  75  kc  each  side  of  the 
center  frequency. 

Power  and  Price 

Most  of  the  present  FCC  author¬ 
izations  for  F-M  service  call  for 
power  of  one  or  two  kilowatts,  with 
a  few  permits  and  one  or  two  ap¬ 
plications  for  50  kw’.  The  prices  of 
transmitter,  complete  with  power 
supply,  tubes  and  crystal  controls. 
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but  no  site,  building,  antenna  or  in¬ 
stallation  are  roughly  $8000  to  $10,- 
000  for  a  1-kw  transmitter  to  $65,000 
to  $85,000  for  a  50-kw  equipment, 
with  intermediate  powers  in  rough 
proportion.  For  the  low  power 
equipment  (below  1  kw)  the  prin¬ 
cipal  item  of  cost  is  for  the  modu¬ 
lator,  but  at  high  power,  the  cost  is 
taken  up  almost  entirely  with  the 
high  pow’er  tubes,  circuits  and  power 
supplies.  Corresponding  prices  for 
amplitude  modulation  equipment  of 
50-kw  carrier  pow’er  for  the  b-c  band 
are  roughly  25  to  35  per  cent  higher. 
Thus  far  no  one  has  built  a  50-kw 
a-m  transmitter  for  the  u-h-f  bands, 
but  its  cost  would  certainly  be  very 
much  more. 

One  of  the  interesting  aspects  of 
the  power  problem  is  the  ease  with 
which  pow’er  may  be  increased  or 
decreased  when  special  conditions 
arise.  One  such  condition  is  the 
forming  of  ice  on  antennas  and 
feeders.  In  the  high  and  exposed 
locations  w’here  F-M  transmitters  are 
usually  located,  the  icing  conditions 
may  be  very  severe.  Feeder  systems 
which  have  been  trimmed  up  to 
eliminate  standing  waves  under 
normal  conditions  may  show  a  con¬ 
siderable  increase  in  the  standing 
wave  amplitude  when  ice  begins  to 
form.  In  that  case  the  power  of  the 
transmitter  may  be  reduced  tem¬ 
porarily  to  w'hatever  level  is  neces¬ 
sary  to  protect  the  feeder  and 
antenna  from  the  voltage  peaks  set 
up  by  the  standing  waves.  Power 
reduction  in  a-m  equipment  involves 
reducing  the  modulator  level  simul¬ 
taneously  with  the  r-f  level,  but  in 
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A  Direct  Reading 
Vacuum  Tube  Millivoltmeter 


Investigation  in  the  field  of  hio-electronics  has  led  to  the  development  of  the  instrument 
described  herein  whose  stability  is  of  a  high  order  and  which  with  few'  changes  may  be 
adapted  to  other  applications  involving  the  measurement  of  small  voltages 


By  WALTER  LYONS  and 
RICHARD  E.  HELLER 

Michael  Heete  and  Chicago  Memorial 
llonpHaiti,  Chicago 


The  jfreatly  increased  interest  in 
recent  years  in  the  measurement 
of  electric  potentials  in  bioloprical 
systems  has  resulted  in  the  develop¬ 
ment  by  the  authors  of  a  direct  cur¬ 
rent  vacuum  tube  millivoltmeter 
which  is  stable,  sensitive,  portable 
and  of  moderate  cost.  It  is  of  in¬ 
terest  to  the  electronics  engineers 
because  of  its  applications  to  other 
branches  of  endeavor.  For  instance, 
by  making  minor  changes  in  the  cir¬ 
cuit,  it  may  be  used  as  the  direct 
current  amplifier  in  o.scillographic 
studies. 

Such  studies  as  those  mentioned 
in  the  bibliography  have  involved 
the  use  of  rather  cumbersome  equip¬ 
ment  which  is  expensive  and  not 
readily  adaptable  to  measurements 
of  potentials  developed  in  the  human 
body.  The  instrument  used  is  of  the 
vacuum  tube  potentiometer  type,  a 
stable  and  delicate  instrument  for 
measuring  minute  voltages.  In  the 
past,  vacuum  tube  voltmeters  of 
such  sensitivity  have  been  unstable 
because  of  the  difficulty  of  establish¬ 
ing  a  constant  zero  base  line.  This 
difficulty  is  due  to  two  major 
factors:  (1)  Variations  in  the  de¬ 
gree  of  amplification  due  to  changes 
within  the  elements  of  the  circuit 
i.e.,  tubes  and  resistors,  and  (2) 
variations  in  the  supply  voltages. 
Therefore  the  design  of  an  instru¬ 
ment  which  approximates  the  poten¬ 
tiometer  in  stability  and  sensitivity 
involves  the  development  of  a  stable 
circuit  and  of  a  nearly  constant 
pow'er  supply.  Buchtal  and  Nielsen 
(see  bibliography)  have  designed  a 
stable  amplifier,  but  of  limited  range 
and  powered  with  a  large  number  of 


Circuit  diagram  oi  the  vacuum  tube  millivoltmeter.  The  push- 
pull  circuit  arrangement  contributes  to  the  stability  of  the 
instrument 


dry  cell  batteries.  This  instrument 
uses  many  stages,  each  one  of  low 
amplification  and  each  stage  is  in¬ 
dividually  shielded. 

The  diagram  show’s  the  circuit  of 
the  direct  reading  vacuum  tube  volt 
meter  designed  especially  for  the 
measurement  of  bio-potentials  and 
which  will  operate  from  a  110-volt 
a-c  power  line.  As  may  be  seen 
readily  from  a  cursory  examination 
of  the  disposition  of  the  circuit  ele¬ 
ments,  the  inherent  stability  is  of  a 
high  order.  This  is  due  to  the  push- 
pull  circuit  which  is  used.  Electrodes 
are  connected  to  the  input  grids  of 
tw’o  pentode  amplifiers.  The  output 
circuits  of  these  tubes  produce  po¬ 
tential  changes  across  their  respec¬ 
tive  loads  180  degrees  out  of  phase, 
one  from  the  other.  Hence,  any  plate 
supply  voltage  variation  will  be 
nullified  very  nearly,  since  both 
plates  will  follow’  the  voltage  change 
to  nearly  the  same  degree  and  thus 
have  little  effect  upon  the  recording 
instrument.  In  addition,  the  amplifi¬ 
cation  of  pentode  valves  varies  in¬ 


significantly  with  plate  supply  po¬ 
tentials.  How’ever,  the  amplification 
changes  markedly  with  a  variation 
in  screen  supply  voltage.  This  unde¬ 
sirable  characteristic  is  removed  by 
the  push-pull  arrangement  since 
both  screen  grids,  varying  with  a 
changing  supply  voltage,  w’ill  pro¬ 
duce  amplified  signals  in  their  re¬ 
spective  plate  circuits  in  phase. 
Therefore,  no  deflection  on  the  gal¬ 
vanometer  which  is  connected  from 
plate  to  plate  will  occur  if  both 
tubes  produce  the  same  degree  of 
amplification. 

Variations  in  the  a-c  line  voltage 
cause  filament  current  fluctuations 
which,  if  of  considerable  magnitude, 
will  cause  slow’  oscillations  of  the  re¬ 
cording  device.  This  oscillatory  mo¬ 
tion  is  ordinarily  very  slow  due  to 
the  thermal  inertia  of  the  cathode 
emitter  of  the  modern  heater  type 
of  tube.  However,  if  it  is  objection¬ 
able,  it  may  be  eliminated  by  draw¬ 
ing  the  filament  current  from  a 
separate  6.5  volt  compensated  trans- 
(Continued  on  Page  93) 
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R^.L.  2-kw  transmitter,  similar  in  appearance  to  the  1-kw  and  5-kw  ouHits. 
The  modulator  at  the  left  develops  the  carrier  frequency  at  10  watts,  while 
two  class-C  stages  at  the  right  feed  the  antenna 


f-m  it  is  only  necessary  to  reduce 
the  plate  voltage  on  the  final  r-f 
amplifier.  Such  reduction  of  power 
does  temporarily  reduce  the  quality 
of  the  transmissions  at  the  fringes 
of  the  service  area,  but  the  effect  on 
the  bulk  of  the  audience  will  go  en¬ 
tirely  unnoticed  until  conditions  per¬ 
mit  the  power  to  be  raised  to  its 
normal  level.  This  simple  adjust¬ 
ment  of  plate  voltage  is  character¬ 
istic  of  the  ease  with  which  the 
class  C  amplifiers  may  be  controlled, 
and  is  indicative  also  of  the  relia¬ 
bility  and  simplicity  of  class  C 
operation.  Broadcast  operators  in 
general  (unless  they  happen  to  be 
hams  with  straight  telegraph  equip¬ 
ment  of  high  power)  are  not  famil¬ 
iar  with  the  day-in  day-out  work¬ 
ability  of  the  constant-level  class  C 
amplifier  since  this  mode  of  opera¬ 
tion  has  no  use  in  a-m  practice. 

Raising  the  power  is  similarly 
simple.  Tubes  and  power  supplies 
will  take  plenty  of  load  when  not 
subjected  to  peaks  of  power,  so  that 
air-cooled  tubes  can  be  used,  even  at 
40  Me,  for  power  levels  up  to  10  kw. 
But  of  even  greater  significance 
from  the  long-range  point  of  view  is 
the  ease  with  which  higher  power 
stages  can  be  added  to  existing 
equipment.  Both  manufacturers  now 
offering  commercial  equipment  have 
so  designed  their  units  that  addi¬ 
tional  amplifiers  may  be  added  with 
a  minimum  of  changes,  and  with 
practically  no  detriment  to  the  ap¬ 
pearance  of  the  equipment.  Thus 
many  of  the  present  f-m  broadcasters 
have  bought  2  or  3-kw  transmitters. 


even  though  their  construction  per¬ 
mit  calls  only  for  1  kw,  in  anticipa¬ 
tion  of  operating  the  equipment  at  1 
kw  output  until  conditions  warrant 
higher  power  and  the  permit  to  use 
it  is  obtained.  A  2  kw  final  ampli¬ 
fier  makes  an  excellent  driver  for 
a  50  kw  stage,  if  the  latter  should 
be  added  at  a  later  date.  Thus  the 
present  investment  in  equipment  is 
not  lost  in  the  event  that  higher 
power  becomes  the  rule  on  the  F-M 
channels. 

Monitoring  equipment  is  available 
for  use  with  each  of  the  transmit¬ 
ters  described  above.  A  typical  unit 
made  by  R.E.L.  is  a  10-tube  re¬ 
ceiver  which  tunes  through  the 
range  from  40  to  44  Me,  and  which 


has  a  pair  of  6V6  beam  power  tubes 
in  the  audio  output. 

Receivers  intended  for  the  home, 
while  not  of  direct  concern  to  the 
broadcast  engineer,  are  of  general 
interest  to  all  those  of  the  radio  fra¬ 
ternity  who  may  desire  to  check  the 
new  system  for  themselves.  Besides 
the  R.E.L.  monitor  model  which 
sells  for  $120  (speaker  column  $75), 
the  General  Electric  and  Stromberg- 
Carlson  lines  for  1940  contain  re¬ 
ceivers  of  several  types.  .4  G.E.  8- 
tube  table  model  receiver  for  a  price 
of  about  $60,  contains  circuits  for 
F-M  only,  has  an  intermediate  value 
of  sensitivity,  and  adequate,  but 
not  elaborate  audio  equipment  (five 
watts  output).  A  similar  “F-M  only” 
receiver  is  available  also  in  a  con¬ 
sole.  The  most  elaborate  receiver 
is  a  13-tube  outfit  providing  recep¬ 
tion  on  both  f-m  and  a-m  with  20 
watts  audio  output. 

The  Stromberg-Carlson  line  in¬ 
cludes  a  table  model  for  about  $60 
which  includes  F-M  only,  which  is 
equipped  with  a  high-frequency 
tweeter  speaker.  The  low-frequency 
output  is  fed  to  the  phonograph  in¬ 
put  jack  of  any  standard  broadcast 
receiver.  This  receiver  comes  close 
to  being  a  “frequency-modulation 
attachment”  despite  the  fact  that  it 
is  a  complete  receiver.  Two  more 
elaborate  models  containing  a-m  as 
well  as  f-m  circuits  are  also  avail¬ 
able  in  the  Stromberg-Carlson  line. 
One  is  a  medium-priced  console 
model,  the  other  a  more  elaborate 
console  with  an  acoustic  labyrinth. 


— D.G.F. 


10-tube  f-m  monitor  receiTor  furnished  by  R.E.L.  for  general  serYice  in  con¬ 
junction  with  their  transmitters.  The  r-f  sensitirity  is  10  microTolts 
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MINIATURE  BATTERY  TUBES 


The  great  success  of  the  battery  portable  set  has  {irompted  improved  methods  looking 
toward  lighter  sets  and  lower  battery  drain.  Four  small  and  efficient  tubes,  a  converter,  r-f 
pentode,  diode-pentode,  and  output  pentode,  are  now  available  for  use  at  45  volts  B  supply 


h 


Fig.  1 — Th*  four  new  tubes  reproduced  liie  aise  In  comparison  with  a 
cigarette.  The  lead  wires  serve  as  base  pins 


By  KENNETH  G.  BUCKLIN 

RCA  Ufa.  Co.,  Harrinon,  A".  J. 


Because  of  the  popularity  of 
midget  receivers,  there  has  been 
during  the  last  few  years  a  gradual 
reduction  in  tube  size.  However,  it 
is  in  portable  sets  that  small  tubes 
appear  to  have  particular  advantage. 
The  advent  of  the  1.4-volt  battery 
tubes  has  made  it  possible  to  pro¬ 
duce  portable  sets  w’hich  are  both 
efficient  and  economical  in  operation. 
With  the  intention  of  making  pos¬ 
sible  further  reduction  in  the  weight 
and  size  of  these  receivers  the  RCA 
Mfg.  Co.  has  developed  four  “mini¬ 
ature”  tubes  very  small  in  size  and 
highly  efficient  in  operation  with  a 
45-volt  B  supply. 

These  new  tubes  include  a 
converter,  radio-frequency  pentode, 
diode  audio-frequency  pentode  and 
power  output  pentode,  and  provide  a 
complete  complement  for  receiver  de¬ 
sign.  This  article  describes  the 
physical  characteristics  of  these 
tubes  and  briefly  covers  the  elec¬ 
trical  features  of  each  type. 

A  requisite  for  the  success  of  new 
tubes  intended  for  radio  use  is  that 
their  cost  must  not  be  out  of  line 
with  comparable  tubes  already  avail¬ 
able.  A  curve  of  cost  versus  tube 
size  shows  that  tube  cost  drops  ap¬ 
preciably  with  decrease  in  bulb  size 
from  ST-16  (2-inch  diameter)  or 
ST-14  to  the  T-9  (li  inch  diameter) 
bulb  in  widespread  use  today.  This 
decrease  is  due  largely  to  more  eco¬ 
nomical  use  of  material.  If,  how¬ 
ever,  a  further  reduction  in  tube 
size  requires  closer  spacings  between 
electrodes,  assembly  difficulties 
caused  by  increased  trouble  with 
shorts  and  by  greater  percentage 
variation  in  alignment  during  proc¬ 
essing  will  increase  tube  cost  faster 


than  material  economies  reduce  it. 
The  acorn  tube  because  of  its  special 
ultra  high-frequency  requirements 
is  an  example  of  reduction  in  size 
leading  to  an  inherently  costly  de¬ 
sign.  For  this  reason  it  cannot  be 
expected  to  enjoy  widespread  use  in 
conventional  radio  receivers. 

The  design  of  the  new  miniature 
tubes  has  been  chosen  to  retain  most 
of  the  economical  manufacturing  ad¬ 
vantages  of  conventional  tubes  and 
at  the  same  time  to  make  possible 
tubes  occupying  a  minimum  of 
space. 

A  comparison  of  volume  discloses 
that  a  tube  of  the  new  design  oc¬ 
cupies  only  about  one-fifth  as  much 
space  as  the  smallest  conventional 
type,  represented  by  the  GT  line. 
Figure  1  shows  the  miniature  tubes, 
their  size  indicated  by  a  cigarette. 
The  diameter  is  slightly  under  three 
quarters  of  an  inch  and  the  overall 
length  is  less  than  2i  inches.  No 
base  is  used,  but  instead  0.040" 


wires  from  the  seal  serve  as  pin 
connections  to  the  socket.  The  stem, 
as  shown  in  Fig.  2,  is  similar  to  the 
button  stem  which  has  been  used  in 
metal  tubes  for  some  years.  The 
seven  leads  are  arranged  in  a  circle, 
with  an  eighth  lead  omitted  to  pro¬ 
vide  for  base  orientation.  A  feature 
of  this  button  type  of  seal  is  that  it 
requires  only  about  i"  space  from 
the  top  of  the  base  pins  to  the  elec¬ 
trode  leads  inside  the  tube.  The 
leads  within  the  tube  are  reduced  in 
diameter,  to  facilitate  forming  them 
by  machine  for  proper  connection  to 
the  tube  electrodes.  The  exhaust 
tube  is  located  at  the  top  of  the 
bulb.  All  of  the  types  are  of  the 
single-ended  construction ;  i.e.,  no 
top  cap  connection  is  used. 

The  grid  and  plate  structures  are 
identical  in  length  to  those  of  con¬ 
ventional  1.4-volt  battery  tubes.  As 
a  result,  the  same  span  of  filament 
is  available  to  provide  comparable S- ^ 
emission  area.  The  reduction  in 
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fils  111 


TUBE  LIFE:  75,000  HOURS 


The  new  Western  Electric  type  102F  triode  repeater  tube  has  a  life  expe(*tancy  of  eijiht 
and  one-half  years,  continuous  operation.  Careful  manufacture  and  conservative  opera¬ 
tion  contribute  to  this  phenomenal  length  of  service,  perhaps  the  longest  life  of  any 
commercial  electronic  device 


1,  The  iilament  coating  machine  at  the  Weatern  Electric  tube  shop.  Exact 
control  oi  this  process  is  necessary  to  insure  long  tube  liie.  The  filament 

operates  at  2.1  Tolls,  0.5  ampere 

2,  Each  operator  is  a  master  oi  the  entire  tube  mounting  process,  rather 
than  oi  a  single  operation  as  is  customary  in  commercial  recelring  tube 
manufacture.  Here  iilament,  grid,  and  plate  are  assembled  and  welded 

3,  The  tube  mount  is  sealed  in  to  the  eneelope,  a  separate  operation  from 
the  exhaust  process.  In  contrast,  sealing-in  and  exhausting  are  carried 

out  in  one  machine  in  high-speed  production  of  receieer  tubes 

4,  The  exhaust  machine  was  designed  by  Western  Electric  engineers  espe¬ 
cially  for  the  purpose.  Careful  and  prolonged  bombarding  and  oulgossing 

eliminate  gas  which  would  reduce  the  tube  liie 

5,  The  tube  base  is  little  different  from  that  of  the  repeater  tubes  placed  in 
serrice  twenty  years  ago.  Special  alloy  tips  on  the  pins  require  a  nice 

soldering  technique 

0,  Testing  for  filament  actieity,  iilament  Toltage,  impedance,  plate  current 
and  grid  iiisulation  is  performed  on  each  tube,  followed  by  eloborate 
spot-testing  of  sample  tubes 


THE  COVER 


The  lubes  are 
aged  for  16  hours.  The  coeei  shows 
300  tubes  on  the  aging  rack.  li  placed 
In  serrice  consecutirely.  the  life  of 
the  tubes  in  this  rack  would  extend 
back  to  the  founding  of  Rome 


■ft 


Fig.  2 — Component  ports  of  the  1R5  conrerter:  button  press,  elements 
and  completely  assembled  mount  Minimum  use  of  material  results  in 
lowered  production  costs 


tube  length,  therefore,  is  due  en¬ 
tirely  to  the  compact  method  em¬ 
ployed  to  make  connections  from  the 
electrodes  to  the  socket  terminals. 
Since  the  filament  length  is  un¬ 
changed,  the  spacing  from  filament 
to  control  grid  can  be  maintained 
the  same  as  that  of  conventional 
types  and,  as  a  result,  the  same  effi¬ 
ciencies  of  operation  can  be  ob¬ 
tained.  In  general,  the  grids  have 
conventional  dimensions.  The  plates, 
however,  occupy  considerably  less 
space,  and  therefore  make  possible 
the  large  reduction  in  bulb  diameter. 

These  new  tubes  use  the  pins  on 
each  side  of  the  missing  eighth  pin 
for  their  filament  connections.  The 
negative  filament,  pin  No.  1,  has  tied 
to  it  suppressor  grids  and  whatever 
shielding  is  incorporated  in  the 
tubes.  Pin  No.  1,  therefore,  is  in¬ 
tended  to  be  the  ground  connection. 
Pin  No.  7  goes  to  the  positive 
filament. 

For  portable  radios  reduction  of 
the  space  and  weight  of  the  plate 
supply  battery  is  important.  To 
make  this  reduction  practical,  the 
miniature  tubes  have  been  designed 
especially  for  efficient  operation  at 
46  volts.  They  may,  of  course,  be 
operated  at  higher  voltage  with  a 
corresponding  improvement  in  per¬ 
formance,  but  their  performance  at 
45  volts  far  exceeds  that  obtainable 
with  conventional  types.  With  the 
exception  of  the  output  tube,  which 
contains  two  filaments  in  parallel, 
the  new  tubes  have  a  filament  rating 
of  50  milliamperes  at  1.4  volts. 


A  brief  review  of  the  electrical 
characteristics  of  these  tubes  will 
show  some  of  their  operating 
advantages. 

Type  1R5  Converter 

The  design  of  the  miniature  1R5 
converter  type  is  based  on  that  of 
the  6SA7.  The  use  of  this  design 
principle  provides  much  better  per¬ 
formance  at  low'  plate  voltage  than 
any  conventional  pentagrid  con¬ 
verter  designed  for  the  same  low 
voltage.  The  1R5  has  a  remote  cut¬ 
off  voltage  of  — 9  volts  and  an 
improved  oscillator  transconductance 
of  1200  micromhos.  At  45  volts,  it 
is  superior  in  performance  to 
hitherto  available  battery  type  con¬ 
verters  operated  at  90  volts.  This 
improved  performance  is  obtained 
with  a  50  milliampere  filament  and 
no  increase  in  B-battery  drain.  The 
high  oscillator  transconductance  is 
of  especial  value  for  short-wave 
reception. 

Type  iTi  R-F  Pentode 

Internal  shielding  is  incorporated 
in  the  1T4  so  that  a  bulb  shield  is 
not  required.  The  grid-to-plate  ca¬ 
pacitance  is  less  than  .01  jiaf  when 
the  tube  is  used  with  a  shielded 
socket.  The  1T4  has  a  remote  cut¬ 
off  characteristic  to  provide  opti¬ 
mum  performance  with  automatic 
volume  control  if  desired  for  this 
stage.  The  cut-off  value  matches 
that  of  the  converter.  The  transcon¬ 
ductance  at  zero  bias  is  650  micro¬ 


mhos  with  a  plate  current  of  1.9 
milliamperes. 

Type  lS5  Diode  Pentode 

Consideration  was  given  to  the 
design  of  a  diode  triode,  but  the 
higher  gain  which  can  be  obtained 
from  a  pentode  at  low  B-supply 
voltage  was  an  important  advantage. 
The  1S5  will  give  about  three  times 
as  much  amplification  as  can  be 
obtained  with  a  triode  designed  to 
give  ample  output  voltage  for  the 
grid  of  the  power  tube  at  the  end  of 
life  point  of  45-volt  battery.  Elec¬ 
tron  coupling  and  capacitance  coup¬ 
ling  between  the  diode  and  pentode 
sections  have  been  kept  at  a 
minimum. 

Type  IS^  Power  Output  Pentode 

Although  the  other  tubes  are  in¬ 
tended  for  operation  at  zero  bias,  a 
bias  is  nece.ssary  for  satisfactory 
operation  of  a  power  output  pentode. 
Since  the  bias  required  subtracts 
from  the  available  plate  supply  volt¬ 
age,  every  volt  used  on  the  grid  is 
important  when  the  supply  is  lim¬ 
ited  to  45  volts.  At  the  same  time 
the  plate  current  must  be  kept  low 
for  good  battery  life.  These  require¬ 
ments  call  for  a  tube  of  high  effi¬ 
ciency  and  good  pow’er  sensitivity. 
The  1S4,  when  operating  on  self¬ 
bias  at  a  bias  equivalent  to  — 4 
volts,  gives  a  power  output  of  50 
milliwatts,  with  only  3.5  milliam¬ 
peres  plate  current. 

Typical  Receiver  Performance 

The  following  table  shows  the 
gains  which  have  been  obtained  in 
a  typical  four  tube  receiver  with  a 
plate  supply  of  45  volts,  at  a  total 
drain  of  7.5  milliamperes. 

Tube  Number  Tube  Type  Gcir.  per  Slaqe 
1R5  Conrerter  25 

1T4  I-i  ampliiier  60 

1S5  A-f  ampliiier  35 

1S4  Power  ompliiier  50  mw  at 

10%  distortion 

To  enumerate  the  possible  appli¬ 
cations  of  the  miniature  battery 
tubes  would  require  too  much  space 
in  this  article.  Many,  such  as  hear¬ 
ing  aids,  meteorological  work,  port¬ 
able  sets  for  policemen,  firemen,  as 
well  as  general  public  will  occur  to 
the  reader.  With  expansion  of  these 
applications,  many  of  the  component 
parts  of  the  receivers  will  undoubt¬ 
edly  be  reduced  in  size  to  take  full 
advantage  of  the  small  dimensions 
of  the  miniature  tubes. 
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High  Frequency  Pre-Emphasis 


Reduction  of  noise  and  distortion  result  when  the  high  audio  fre(|ueneies  are  empha¬ 
sized  at  the  transmitter  and  correspondingly  attenuated  at  the  receiver.  Results  of  recent 
NBC  tests  which  led  to  the  adoption  of  pre-emphasis  as  standard  for  television  sound 


By  J.  L.  HATHAWAY 

Development  Ixihoratory, 
\ationaJ  Broadcatting  Company 


Background  noise  has  been 
and  will  continue  to  be  a  major 
problem  in  radio  broadcasting  since 
it  determines  the  service  limits  on 
all  transmitters.  High  power,  high 
modulation,  volume  compression,  cir¬ 
cuit  polarization,  special  antennas 
and  receivers  have  all  been  developed 
to  push  noise  down.  Frequency 
modulation  also  has  been  found  use¬ 
ful  in  combating  noise,  especially 
when  the  received  interference  volt¬ 
age  is  somewhat  below  that  of  the 
desired  signal  voltage. 

A  system  is  now  coming  into  use 
whereby  substantial  reduction  of 
background  noise  is  achieved  with 
little  complication,  by  the  simple  ex¬ 
pedient  of  pre-emphasizing  the  high 
audio  frequencies  at  the  tran.smitter 
and  compensating  in  the  receiver. 
This  is  applicable  to  both  amplitude 
and  frequency  modulation  and  in¬ 
volves  such  minor  differences  from 
the  normal  present  day  system  and 
yet  offers  such  definite  advantages 
that  it  should  be  fully  and  carefully 
considered  for  use,  wherever  possi¬ 
ble,  especially  in  sound  broadcasting 
on  ultra  high  frequencies.  A  stand¬ 
ard  for  such  pre-emphasized  trans¬ 
mitting  and  receiving  has  been 
adopted  for  television  sound  by  the 
RMA.  The  system  also  appears  to 
have  some  advantage  in  the  stand¬ 
ard  broadcast  band  and  may  even  be 
useful  in  video  transmission.  Elec¬ 
trical  transcriptions  utilizing  this 
system  have  been  found  vastly  su¬ 
perior  to  the  conventional.  Pre¬ 
emphasis  methods  have  been  adopted 


Fiq.  1 — Peak  energy  per  increment  oi  frequency  measured  in  typical 
programs  ineolring  a  pipe  organ  and  a  75-piece  orchestra 


Fig.  2 — Energy-frequency  relotfonships  displayed  by  male  and  female 
speakers,  a  small  orchestra,  and  a  piano.  All  except  the  orchestra 
show  a  pronounced  decrease  in  energy  at  high  frequencies 
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in  the  newly-developed  RCA-NBC 
Orthacoustic  transcriptions. 

Previous  Tests 

Advantages  in  reduction  of  noise 
level  and  distortion  by  means  of  pre¬ 
emphasis  were  demonstrated  in  the 
National  Broadcasting  Laboratory 
in  1931  but  because  of  apparatus 
difficulties  and  the  narrow  frequency 
band  employed,  4500  cps,  results 
were  partially  masked.  At  that  time 
also,  engineering  philosophy  was 
that  each  component  of  a  circuit 
should  be  flat,  even  though  some 
benefit  could  be  derived  by  other 
means.  This  w’as  probably  justi¬ 
fiable,  since  a  general  chaos  might 
have  resulted  without  standardiza¬ 
tion  by  the  industry.  However,  dis¬ 
tinct  advantages  in  noise  level  and 
harmonic  distortion  reduction  were 
found. 

By  1938  it  was  felt  that  compensa¬ 
tions  might  be  safely  applied  to 
transmitters  and  in  March  of  that 
year  another  investigation  of  the 
possibilities  of  high  frequency  pre¬ 
emphasis  at  the  transmitter  was  con¬ 
ducted  with  particular  reference  to 
the  standard  broadcast  band  with 
its  10-kc  channels.  One  of  the  major 
portions  of  this  investigation  dealt 
with  the  problem  of  adjacent  chan¬ 
nel  interference.  Because  of  the 
favorable  findings  a  moderate 
amount  of  high  frequency  pre-em¬ 
phasis  was  introduced  and  used  with 
complete  satisfaction  in  the  WEAF 
and  WJZ  transmitters. 

Practicability  of  High  Frequency 
Pre-emphasis 

Pre-emphasis  of  high  frequency 
energy  in  the  transmitter  is  possible 
because  of  the  relatively  low  peak 
energy  existing  at  these  frequencies. 
Ordinarily  most  programs  carry 
maximum  peak  energy  in  the  fre¬ 
quency  range  between  150  and  400 
cps  with  very  little  above  2000  cps. 
Typical  curves  showing  relative  peak 
amplitudes  per  frequency  increment 
are  shown  in  Figs.  1  and  2.  These 
represent  relative  peaks  reached  for 
0.5  per  cent  of  the  time  of  average 
selections,  and  indicate  that  high 
frequencies  may  usually  be  pre- 
^mphasized  greatly  without  appre¬ 
ciably  increasing  the  program  peak 
amplitude.  Tests  were  conducted  in 
.  the  National  Broadcasting  Company 
Laboratory,  covering  a  total  observa¬ 
tion  time  of  more  than  100  hours  to 
determine  what^degree  of  high  fre- 


Fig.  3 — Below.  Filter  characteriitica 
employed  at  the  tranemitter  to  ascer¬ 
tain  the  eifects  of  different  amounts 
of  pre-emphasis 

Fig.  4 — Bottom.  Oeerall  response 
characteristic,  transmitter  through 
receiver 


Fig.  5 — Top  right  circuit  orronge- 
ment  for  switching  compensators 
in  listening  tests,  with  lamps  to 
indicate  filter  characteristic  in  use 


Fig.  6 — Restoring  characteristics  of 
the  filters  used  in  the  receiver,  cor¬ 
responding  to  the  curves  shown  in 
Fig.  3 


quency  peaking  could  be  tolerated 
without  creating  an  excessive  in¬ 
crease  of  peak  amplitude  on  a  given 
circuit  with  a  fixed  low  frequency 
level.  It  was  found  that  a  peaking 
curve  similar  to  that  of  “Position  3” 
of  Fig.  3  seldom  caused  any  increase 
of  peak  amplitude,  as  judged  by  an 
oscilloscope.  The  only  musical  pro¬ 
grams  showing  a  definite  increase  of 
peak  amplitude  with  this  high  fre¬ 
quency  accentuation  were  orchestras 
having  instruments  of  extreme  high 
frequency  energy,  such  as  cymbals, 
snare  drums,  harmonicas,  gourds, 
piccolos,  etc.  When  peak  amplitudes 
definitely  did  show  an  increase  with 
peaking,  the  amount  of  increase  was 
not  more  than  about  4  db.  This  was 
checked  a  great  number  of  times 
and  it  seems  reasonable  to  assume 
that  not  more  than  1  part  in  100  of 
our  musical  program  time  would 
produce  appreciable  increase  of 
peak  level,  with  the  pre-emphasis 
indicated  in  Fig.  3.  Curve  “Position 
2”  was  almost  the  same  in  this 
respect,  except  that  due  to  the  rise 
starting  at  about  500  cps,  there  was 
often  a  peak  increase  of  about 
one  db. 

On  normal  speech  or  singing,  the 


high  frequency  pre-emphasis  does 
not  appreciably  alter  the  peak  ampli¬ 
tudes  of  the  program.  However,  an 
increase  of  peak  amplitude  was 
noted  on  certain  voices  wherein  the 
sibilants  were  inherently  unnatural. 
The  voices  creating  this  condition 
sounded  peculiar  with  normal  pres¬ 
ent  day  transmission  and  even  more 
so  with  pre-emphasized  high  fre¬ 
quency  transmission  unless  approxi¬ 
mately  3  db  less  low-frequency  gain 
were  used  in  the  circuit.  This  so- 
called  “spitting  S”  is  objectionable 
in  ordinary  broadcasting  and  it  is 
hoped  that  its  cause  may  be  definitely 
corrected  in  the  near  future. 

Since  high  frequency  pre-em¬ 
phasis  of  normal  radio  programs 
does  not  lead  to  an  appreciable  in¬ 
crease  of  peak  level  on  the  trans¬ 
mitter,  it  is  axiomatic  that  receiver 
background  noise  may  be  reduced  by 
compensating  the  receiver,  that  is 
by  reducing  its  high  frequency  re¬ 
sponse  permitting  the  receiver  to 
discriminate  against  the  high  fre¬ 
quency  components  of  both  program 
and  noise. 

It  is  sometimes  pre-supposed  that 
high  frequency  overloading  caused 
by  pre-emphasis  will  give  increased 
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Fig.  7 — Details  of  transmitter  and  receieer  circuit  arrangement  The 
▼arious  filter  elements  ore  shown,  corresponding  to  the  cunres  in 
Figs.  3  and  6 


in  February  1939  and  was  primar¬ 
ily  directed  to  the  ultra-high  fre¬ 
quency  spectrum  with  particular  at¬ 
tention  to  the  associated  sound  chan¬ 
nels  of  television. 

It  was  assumed  that  television  re¬ 
ceivers  should  reproduce  sound  as 
naturally  as  possible.  Although  some 
persons  hear  tones  above  15,000  cps, 
it  has  been  indicated  that  for  most 
persons  a  12,000  cps  upper  limit  is 
sufficient  for  essentially  perfect 
realism.  This  investigation,  there¬ 
fore,  related  to  the  provision  of 
optimum  reproduction  of  audio  fre¬ 
quencies  up  to  a  limit  of  12,000  to 
15,000  cps. 


Demonstration 

A  verbal  report  of  the  results  of 
the  investigation  was  tendered  to  a 
RMA  Sub-committee  on  High  Fre¬ 
quency  Pre-distortion.  The  test  ap¬ 
paratus  was  made  available  to  the 
committee  members  and  demon¬ 
strations  were  given  of  noise  and 
distortion  reduction.  The  results 


Fig.  8 — RespouM  curre  of  7500-cpi 
low-pass  filtor 


harmonic  distortion.  Tests,  however, 
indicate  just  the  reverse.  Since  the 
high  frequencies  are  accentuated  in 
the  circuit  prior  to  the  introduction 
of  distortion  and  are  cut  down  after 
it,  they  are  generally  reduced  even 
though  cross-modulation  products 
may  be  increased.  The  reduction  of 
high  order  high  frequency  har¬ 
monics  actually  reduces  the  crack¬ 
ling  type  of  distortion  which  is  so 
objectional  to  the  listener. 

Possible  Difficulties 
The  system  of  pre-emphasizing 
high  frequencies  at  the  transmitter 
and  compensating  within  the  re¬ 
ceiver  may  lead  to  certain  minor  dif¬ 
ficulties,  but  these  should  be  readily 
solved.  They  include  (1)  the  pos¬ 
sible  necessity  of  reducing  by  2  or 
3  db  the  low  frequency  level  to  the 
transmitter,  (2)  the  possible  design 


difficulties  within  the  transmitter 
in  order  to  obtain  high  modulation 
percentages  at  the  high  frequencies, 
(3)  the  possibilities  of  wide  side¬ 
band  interference  created  by  occa¬ 
sional  high  frequency  over-modula¬ 
tion,  (4)  the  possibility  of  interfer¬ 
ence  with  video  signals  created  by 
audio  high  frequency  over-modula¬ 
tion  in  the  television  receiver  first 
detector,  and  (5)  the  possibility  of 
improper  level  control  caused  by 
high  frequency  peaks  actuating  the 
limiter,  unless  the  limiter  control 
were  arranged  to  operate  at  a  higher 
level  on  pre-emphasized  frequencies. 

Pre-emphasis  of  Highs  on  Ultra-High 
Frequencies 

The  most  recent  investigation  in 
the  National  Broadcasting  Company 
laboratory  of  pre-emphasis  of  high 
frequencies  at  the  transmitter  was 


were  so  obviously  beneficial  that  a 
decision  was  reached  by  the  com¬ 
mittee  to  propose  adoption  of  high 
frequency  pre-emphasis  on  televi¬ 
sion  sound  channels. 

Further  tests  were  made  follow¬ 
ing  these  demonstrations,  results  all 
indicating  the  value  of  the  proposed 
system.  A  sequence  of  tests  was  set 
up  to  demonstrate  the  systqm,  an 
RCA  lOOF  transmitter  being  used  in 
conjunction  with  a  special  NBC  ND- 
25  receiver.  Thermal  noise  in  the 
receiver  was  generated  by  utilizing 
the  signal  at  low  level,  whereas  the 
impulse  type  of  noise  was  generated 
by  a  sparking  buzzer.  The  overall 
characteristic  of  the  system  through 
the  loudspeaker.  Fig.  4,  was  constant 
for  all  of  the  three  test  conditions, 
except  that  related  to  narrow  chan¬ 
nel  transmission.  The  sequence  of 
four  tests  used  to  demonstrate  the 
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system  is  given  in  the  following  out¬ 
line  together  with  the  correlated  re¬ 
sults  of  the  listening  groups.  These 
consisted  of  more  than  twenty-five 
competent  listeners. 

Test  No.  1:  Apparent  Noise 
Reduction 

Details:  Background  noise  reduc¬ 
tion  effected  by  receiver  compensa¬ 
tion  was  measured  for  individual  ear 
characteristics  by  supplying  con¬ 
stant  level,  constant  quality  program 
to  a  loud  speaker  and  injecting 
noise  voltage  into  the  program,  as 
shown  in  Fig.  5.  The  noise  voltage 
was  derived  from  a  high  fidelity 
radio  receiver,  and  was  in  the  form 
of  hiss  or  impulse  type  as  desired. 
High  frequency  compensation  was 
then  applied  to  the  noise  voltage,  as 
shown  on  the  curves  of  Fig.  6. 
Simultaneously  with  this  the  noise 
voltage  was  raised  by  an  amount 
such  that  its  interfering  effect  in  the 
background  of  the  program,  although 
differing  in  character,  remained  es¬ 
sentially  unchanged  in  level  as 
judged  by  the  listeners. 

Results:  Both  hiss  and  impulse 
types  of  noise,  contrary  to  theory, 
seemed  to  be  reduced  by  similar 
amounts.  This  amounted  to  about 
3  to  4  db  for  high  level  background 
noise  and  10  to  12  db  for  low  level 
noise.  The  reason  for  so  little  im¬ 
provement  on  high  level  noise  is  ex¬ 
plainable  in  that  this  noise  was 
actually  tending  to  mask  the  pro¬ 
gram.  It  is  well  known  that  low 
frequencies  are  especially  effective 
in  such  masking,  therefore,  the  re¬ 
duction  of  high  frequency  noise  com¬ 
ponents  gave  only  minor  benefit. 

Test  No.  2:  Audible  Distortion 
Comparison 

Details :  High  frequencies  were 
pre-emphasized  in  the  transmitter 
by  means  of  filters  according  to  the 
curves  of  Fig.  3,  with  apparatus  as 
shown  in  Fig.  7.  The  receiver  filters 
exactly  compensated  for  the  cor¬ 
responding  pre-emphasis  and  the 
overall  characteristic  on  all  three 
switch  positions  is  shown  in  Fig.  4. 
Program  level  to  the  transmitter  was 
exactly  the  same  at  200  cps  on  all 
positions,  and  was  adjusted  so  that 
slight  distortion  occurred,  over  100 
per  cent  modulation,  with  flat  trans¬ 
mission  and  reception.  Switching 
between  position  1,  2  and  3  then  per¬ 
mitted  comparison  of  the  audible 
distortion  with  and  without '^pre¬ 


emphasis.  Peak  levels  were  indi¬ 
cated  on  a  cathode  ray  oscilloscope 
connected  across  the  input  to  the 
transmitter. 

Results:  Results  were  essentially 
the  same  for  orchestra,  organ,  piano 
and  most  voices,  the  distortion  on 
the  pre-emphasis  system  being  less 
audible  than  on  the  conventional  flat 
system.  Approximately  2  db  higher 
level  to  the  transmitter  was  required 
on  the  pre-emphasis  system  to  ob¬ 
tain  the  same  audible  distortion  as 
the  conventional  system.  The  only 
exception  to  this  was  on  certain 
voices  having  unnatural  sibilants  or 
“spitting  S’s”. 

Test  No.  S:  Overall  Comparison  of 
Noise  and  Distortion 

Details:  Circuits  were  arranged 
as  in  test  No.  2.  A  weak  signal  was 
supplied  to  the  radio  receiver  and 
normal  level  fed  to  the  transmitter 
so  that  over-modulation  occasionally 
occurred.  Switching  between  posi¬ 
tions  1,  2  or  3  then  gave  an  overall 
demonstration  of  differences  in  re¬ 
ception  between  conventional  and 
pre-emphasized  transmission. 

Results :  With  high  level  back¬ 
ground  noise  the  distortion  was 
noticeably  reduced.  The  noise  mask¬ 
ing  effect  was  almost  unchanged 
(about  3  db  improvement  with  pre¬ 
emphasis)  but  the  noise  was  much 
less  disagreeable.  With  low  level 
background  noise,  the  distortion  was 
noticeably  reduced  and  background 
noise  diminished  10  to  12  db. 

Test  No.  U:  Overall  Comparison  on 
7500  cps  Band 

Details:  Circuits  were  arranged 
as  in  tests  No.  2  and  3  except  that  a 
sharp  7500-cps  cut-off  Alter  was 
used  in  the  loudspeaker  circuit.  The 
filter  characteristic  is  shown  in  Fig. 
8.  The  same  comparisons  were  then 
made  as  in  test  No.  3  except  that 
pre-emphasis  and  corresponding 
compensation  were  used  as  desig¬ 
nated  by  “Position  4”  in  Fig.  3.  It 
should  be  noted  that  this  position  4 
compensation  produces  a  frequency 
characteristic  similar  to  present  day 
“high  fidelity”  broadcast  receivers. 
Pre-emphasis  is  alternately  added  to 
and  removed  from  the  transmitter  to 
show  the  improvement  in  standard 
broadcasting  quality  and  noise  re¬ 
duction  effected  by  even  this  small 
amount  of  pre-emphasis. 

Results:  Same  as  in  test  No.  3, 
but  with  less  improvement,  as  only 


about  6  db  reduction  of  low  level 
noise  w’as  obtained.  Less  distortion 
existed  than  wuth  conventional  sys¬ 
tem. 

Pre-emphasis  Curve 

Various  degrees  of  pre-emphasis 
were  considered  and  tested,  but  that 
finally  standardized  by  the  RMA 
seems  entirely  satisfactory.  There 
was  little  or  no  difference  between 
several  similar  curves  tested,  al¬ 
though  it  should  be  noted  that  exces¬ 
sive  amounts  of  pre-emphasis  ac¬ 
centuated  peak  amplitudes  too  great 
a  percentage  of  the  time,  whereas 
insufficient  pre-emphasis  did  not  per¬ 
mit  full  advantage  of  the  system. 
The  standardized  curve  is  similar  to 
“Position  2  of  Fig.  3”  and  may  be 
specified  as  high-frequency  pre¬ 
emphasis  characterized  by  the  im¬ 
pedance  characteristic  of  a  2  ele¬ 
ment  series  inductive-resistive  net¬ 
work  with  a  time  constant  of  100 
microseconds. 

Conclusion 

There  are  no  apparent  reasons 
why  high  frequency  pre-emphasis  at 
the  transmitter  and  corresponding 
compensation  at  the  receiver  will  not 
lead  to  a  very  appreciable  improve¬ 
ment  in  overall  program  reproduc¬ 
tion  especially  on  ultra-high  fre¬ 
quency  transmission.  This  improve¬ 
ment  consists  of  a  slight  decrease 
of  audible  distortion  together  with  a 
great  reduction  of  noise  level.  Al¬ 
though  impulse  type  noise  should 
theoretically  be  reduced  more  than 
hiss  type,  there  seems  to  be  little 
audible  difference.  For  a  system  re¬ 
producing  up  to  12,000  cps,  high 
level  background  noises  fall  by  at 
least  2  db,  whereas  low  level  back¬ 
ground  noises  are  diminished  by  10 
or  12  db.  This  indicates  that  excel¬ 
lent  reception  may  be  ob:;ained  with 
the  proposed  pre-emphasis  system 
at  a  distance  which  would  require, 
for  the  same  excellence  of  reception, 
a  transmitter  of  about  10  times  as 
much  power  with  the  conventional 
system. 

The  Empire  State  television  sound 
channel  has  operated  with  high  fre¬ 
quency  pre-emphasis  since  March, 
1939.  Results  have  been  most  satis¬ 
factory  and  many  favorable  reports 
have  been  received  on  the  excellence 
of  studio  sound  quality  as  well  as 
the  freedom  of  background  noise 
on  the  compensated  television  re¬ 
ceivers. 
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Modern  Vacuum  Practice 
in  Electronics 


The  entire  electronics  industry  is  dependent  upon  the  electron  tube  which  in  turn  is 
dependent  upon  the  production  of  hij^h  vacuum.  In  this  article  the  author  discusses 
modern  vacuum  technique  and  the  application  of  recently  developed  synthetic  organic 
compounds  to  diffusion  pumps 


The  production  of  high  vacuum 
appears  to  be  one  of  the  funda¬ 
mental  problems  inherent  to  the 
manufacture  of  almost  every  elec¬ 
tronic  device.  The  actual  final  pres¬ 
sures  required  may  vary  from  a 
fraction  of  a  millimeter  for  a  neon 
sign  to  less  than  10  *  mm  in  the  case 
of  a  high  voltage  cathode  ray  tube. 
Mercury  diffusion  pumps  devel¬ 
oped  by  Gaede*,  Langmuir”,  and 
others*  have  for  many  years  been 
standard  equipment  for  the  commer¬ 
cial  exhaustion  of  x-ray,  cathode- 
ray,  and  radio  tubes,  photo-electric 
cells,  etc.  Because  of  the  relatively 
high  vapor  pressure  of  mercury  at 
room  temperatures,  t.c.,  approxi¬ 
mately  10  *  mm,  and  the  tendency  of 
a  mercury  vapor  to  remain  super¬ 
saturated,  pumps  of  this  type  can 
generally  be  employed  only  with  the 
aid  of  cold  traps  employing  refriger¬ 
ants  such  as  liquid  air  or  solid  car¬ 
bon  dioxide.  In  addition  to  the  ex¬ 
pense  and  inconvenience  of  provid¬ 
ing  such  refrigerants,  the  more  com¬ 
mon  traps  materially  reduce  the 
available  pumping  speed,  generally 
by  a  factor  of  from  4  to  10.  Al¬ 
though  mercury  has  the  advantage  of 
being  an  inexpensive  and  stable  ma¬ 
terial,  it  is  subject  to  contamination 
and  the  vapor  tends  to  wander.  For 
optimum  performance,  mercury 
pumps  and  attendant  pipe  lines  may 
require  frequent  cleaning. 

Burch*  advanced  the  art  a  signifi¬ 
cant  step  by  suggesting  the  use  of 
low  vapor  pressure  fractions  of  hy¬ 
drocarbon  oils  as  a  substitute  for 
mercury.  These  fiuids,  commercially 
known  as  Apiezon  oils,  permit  the 
attainment  of  relatively  low  pres- 
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sures,  less  than  10  *  mm,  without  a 
cold  trap  of  any  type.  Although 
with  such  oils  a  considerably  lower 
fore  pressure  is  required  than  with 
the  older  mercury  pumps,  units 
charged  with  the  Apiezon  oils  soon 
found  limited  usefulness  abroad  in 
the  broadcasting  industry  where  they 
provided  the  vacuum  for  demount¬ 
able  transmitting  tubes.  However, 
in  spite  of  their  high  pumping  effi¬ 
ciency  as  compared  with  mercury, 
these  materials  have  not  found 
wide  application  in  the  commercial 
field  in  the  United  States.  This  is 
probably  due  to  three  causes,  the 
most  significant  being  that  pumps 
of  a  type  capable  of  bringing  out 
their  best  features  were  not  avail¬ 
able.  Hydrocarbon  fiuids  also  tend 
to  crack,  breaking  down  into  higher 


vapor  pressure  components,  par¬ 
ticularly  if  air  is  admitted  when 
the  pump  is  hot. 

In  1930,  Hickman  and  Sanford* 
suggested  replacing  the  hydrocar¬ 
bon  oils  with  highly  purified  syn¬ 
thetic  organic  compounds  such  as 
esters  of  phthalic  acid  and  in  par¬ 
ticular  butyl  phthalate. 

More  recently  the  development  of 
compounds  of  much  lower  vapor 
pressure*  have  rendered  n-butyl 
phthalate  obsolete  except  in  cases 
where  the  lowest  pressures  are  not 
of  primary  importance.  By  employ¬ 
ing  some  of  the  newest  esters  such 
as  Octoil  and  Octoil-S  it  is  possible 
to  obtain  pressures  at  room  tem¬ 
perature  which  are  as  low  or  lower 
than  those  made  possible  with  the 
best  mercury  pumps  employing  liq¬ 
uid  air  traps. 

In  operating  any  type  of  diffu¬ 
sion  pump  regardless  of  whether 
one  employs  mercury,  hydrocar¬ 
bons,  or  synthetic  oils,  the  question 
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of  contamination  of  the  fluid  is  of 
prime  importance.  Gaede^  has 
shown  that  the  lowest  pressure  at¬ 
tainable  with  a  vapor  pump  corres¬ 
ponds  to  the  vapor  pressure  of  the 
working  liquid.  It  must  also  be  re¬ 
membered  that  this  pressure  may 
depend  upon  contaminating  mate¬ 
rials  even  though  present  in  minute 
quantities. 

Hickman*  has  investigated  this 
general  problem  and  has  demon¬ 
strated  that  through  the  use  of  frac¬ 
tionating  pumps  the  lowest  pres¬ 
sures  commensurate  with  the  pump¬ 
ing  fluid  are  assured  at  all  times 
even  though  reactive  and  relatively 
high  vapor  pressure  materials  are 
being  handled  by  the  system.  These 
flndings  have  been  confirmed  by 
others*,  and  the  term  “Fractionat¬ 
ing  pump’“*  has  come  into  use  for 
any  type  of  diffusion  pump  in 
which  the  pumping  fluid  is  continu¬ 
ously  purified  during  operation,  the 
volatile  constituents  being  rejected 
or  segregated  at  the  fore  pressure 
end  of  the  system  and  only  the  low¬ 
est  vapor  pressure  materials  being 
allowed  to  reach  the  high  vacuum 
jets. 

Exhaustion  of  Transmitting  Tubes 

In  spite  of  the  extremely  low 
pressures  which  have  been  consis¬ 
tently  obtained  with  fractionating 
oil  pumps  by  many  scientific 
workers  equipment  of  this  type  has 
only  recently  been  used  for  com¬ 
mercial  purposes.  In  order  to  dem¬ 
onstrate  the  effectiveness  of  this 
newly  developed  apparatus,  several 
types  of  standard  transmitting 
tubes  have  been  evacuated  accord¬ 
ing  to  schedules  generally  used  with 
mercury  pumps  employing  liquid 
air  traps. 

A  typical  arrangement  of  work  of 
this  t3TP)e  is  shown  on  page  33.  The 
diffusion  pump  is  a  3-compartment, 
2-jet  all-glass  fractionating  unit 
and  as  can  be  seen,  direct  connec¬ 
tion  is  made  to  the  manifold  with¬ 
out  the  usual  high  impedance  trap 
or  cold  sink. 

During  the  exhaust  schedules  of 
various  types  of  transmitting  tubes, 
continuous  pressure  readings  were 
made  on  the  manifold  with  an  ion¬ 
ization  tube  (Western  Electric  Type 
D79512).  The  fore  pressure  was 
also  measured  with  the  aid  of  a 
Pirani  type  gauge.  Typical  results 
are  shown  in  the  upper  diagram,  the 
schedules  as  given  approximating 
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those  employed  by  several  manu¬ 
facturers  of  medium  power  trans¬ 
mitting  tubes. 

Curve  No.  1  is  representative  of 
an  exhaust  procedure  followed  with 
the  2-jet  pump  as  illustrated.  A 
rise  in  pressure  was,  of  course, 
noted  each  time  that  bombardment 
of  one  of  the  electrodes  took  place. 
Because  of  the  relatively  high  ca¬ 


pacity  of  the  pump  employed  and 
the  fact  that  no  trap  with  its  cor¬ 
responding  high  impedance  was 
placed  between  the  manifold  and 
the  high  vacuum  jet,  the  pressure 
was  reduced  very  rapidly  after  each 
evolution  of  gas.  Problems  of  ion¬ 
ization  during  the  early  stages  in 
the  tube  were,  therefore,  practically 
eliminated. 
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In  an  effort  to  obtain  the  lowest 
possible  pressures  additional  tubes 
of  several  types  were  evacuated 
with  a  4-compartment,  3-jet  frac¬ 
tionating  pump  and  the  connecting 
tube  between  the  manifold  and  the 
pump  maintained  at  0°C  with  ice. 
Typical  results  of  this  work  are 
shown  by  Curve  No.  2  and  it  can  be 
seen  that  the  final  pressure  attain¬ 
able  was  of  the  order  of  1.5x10  * 
mm. 

Although  usually  the  speed  of  ex¬ 
haustion  is  limited  by  the  diameter 
and  length  of  the  seal-off  tube,  in 
many  cases  considerably  higher 
pumping  speeds  could  well  be  used 
on  the  exhaust  manifold  itself.  The 
more  commonly  employed  mercury 
pumps  rarely  have  speeds  in  excess 
of  one  to  three  liters  per  second  at 
10'*  mm.  Assuming,  therefore,  a 
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trap  efficiency  of  20  per  cent,  the 
available  pumping  speeds  may  well 
be  below  0.2-0.6  liters  per  second. 

The  4-compartment,  3-jet  and  3- 
compartment,  2-jet  pumps  used 
during  these  tests  have  speeds  of 
15  liters  per  second  and  12  liters 
per  second  respectively  for  all 
pressures  below  10  *  mm.  This 
capacity  is  adequate  to  handle  sev¬ 
eral  large  tubes  and  it  has  been 
demonstrated  that  one  such  pump 
is  capable  of  simultaneously  ex¬ 
hausting  ten  nine-inch  cathode-ray 
tubes. 


Data  is  also  given  for  the  fore 
pressures  normally  encountered 
under  average  conditions.  As  can 
be  seen,  these  readings  offer  an  ex¬ 
cellent  indication  as  to  the  operation 
of  the  pump  and  the  pressure  in  the 
system  under  exhaust. 

These  do  not  represent  the  best, 
or  by  any  means  the  shortest,  pro¬ 
cedures  which  might  be  employed, 
as  the  tests  were  conducted  merely 
to  obtain  a  direct  comparison  be¬ 
tween  tubes  exhausted  with  mercury 
pumps  and  those  evacuated  with  the 
simple  setup  as  shown  using  only 
air  cooling. 

Commercial  tubes  made  according 
to  both  of  the  above  procedures 
have  been  submitted  to  life  test  and 
gas  current  measured  under  recom¬ 
mended  operating  conditions.  In  all 
cases,  the  final  products  were  found 
to  be  as  good  or  better  than  tubes 
made  with  mercury  pumps  employ¬ 
ing  liquid  air. 

Stability  of  Pumping  Fluid 

For  commercial  applications  of 
oil  pumps  the  question  of  decomposi¬ 
tion  of  the  pumping  fiuid  under  ad¬ 
verse  operating  conditions  must  be 
considered.  In  employing  the  pumps 
for  production  w’ork,  there  is  always 
the  possibility  of  exposing  the  fluid 
to  atmospheric  pressure  because  of 
breakage  of  a  tube  under  exhaust, 
mishandling,  etc.  In  order  to  dem¬ 
onstrate  the  stability  of  the  newer 
low  vapor  pressure  fluids,  particu¬ 
larly  Octoil  and  Octoil-S,  a  series  of 
tests  were  made  with  the  4-com- 
partment,  3-jet  all  glass  fractionat¬ 
ing  pump. 

After  the  pump  was  operated  for 
several  hours,  a  study  was  made  of 
the  effect  of  exposing  the  hot  oil  to 
atmospheric  pressure.  The  results 
of  tests  of  this  type  are  shown  on 
page  34  and  it  can  be  seen  that  even 
when  the  heaters,  which  are  im¬ 
mersed  directly  in  the  oil,  were  op¬ 
erating  and  the  pump  was  exposed 
to  atmospheric  pressure  for  thirty 
seconds  the  same  ultimate  vacuum 
was  attained.  As  a  matter  of  fact, 
with  this  particular  condition  lower 
pressures  were  reached  for  any  given 
time  after  pumping  action  began. 
In  this  case  the  fluid  was  sufficiently 
hot  to  permit  pumping  action  during 
the  initial  stages  of  exhaust  al¬ 
though  decomposition  was  detected 
by  a  rise  in  fore  pressure. 

These  tests  indicate  that  these 
pure  organic  esters,  which  have  been 


selected  from  a  large  number  of  less 
suitable  compounds,  represent  a 
very  real  advance  in  pump  fluids. 
Although  with  all  fluids  decomposi¬ 
tion  may  take  place  under  conditions 
of  high  temperature  and  pressure, 
the  products  coming  from  the  new 
esters  are  more  volatile  than  the 
esters  themselves  and  are  easily  re¬ 
moved  by  the  fore  pump.  The  com¬ 
pound  remaining  in  the  pump  is  a 
relatively  pure  substance  essentially 
the  same  as  the  original  oil  except 
for  the  development  of  a  slight  color 
under  adverse  conditions. 

Advantages 

Providing  sufficiently  low  fore 
pressures  can  be  maintained  at  all 
times  oil  pumps  may,  in  almost  all 
cases,  be  advantageously  substituted 
for  mercury  units  in  order  to  pro¬ 
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duce  economically  the  lowest  pres¬ 
sures.  It  is  also  interesting  to  note 
that  the  capacity  of  any  mechanical 
pump  may  be  effectively  increased 
many  times  in  the  lower  pressure 
regions  through  the  aid  of  so-called 
“oil  boosters.”  Units  of  this  type 
operate  against  high  fore  pressures, 
t.  e.  greater  than  0.5  mm  and  yet 
they  can  be  designed  with  capacities 
of  hundreds  or  even  thousands  of 
liters  per  second.  If,  for  example,  a 
booster  is  operated  with  a  fore  pres¬ 
sure  of  0.5  mm  and  the  system  under 
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available  at  each  exhaust  position. 
The  question  of  breakage  with  sub¬ 
sequent  loss  of  vacuum  at  any  ex¬ 
haust  position  could  be  adequately 
taken  care  of  with  the  aid  of  prop¬ 
erly  designed  automatic  check  valves. 

X-ray  tubes.  The  problems  of  ex¬ 
haust  with  both  the  x-ray  and  cath¬ 
ode-ray  tubes  are  quite  similar,  al¬ 
though  in  the  former  case  somewhat 
higher  pressures  may  be  tolerated. 
Through  the  use  of  even  the  smallest 
glass  oil  pumps  adequate  pumping 
speed  and  sufficiently  low  pressures 
may  be  attained. 

Neon  signs,  etc.  In  the  exhaus¬ 
tion  of  neon  and  other  types  of  gas 
discharge  tubes,  extremely  low  pres¬ 
sures  are  rarely  required.  Never¬ 
theless  relatively  small  oil  pumps 
are  being  used  by  many  manufac¬ 
turers  because  of  the  ease  with 
which  they  permit  the  rapid  ex¬ 
haustion  down  to  pressures  of  lO** 
or  below.  Here  again,  particularly 
with  the  present  interest  in  large 
size  fluorescent  tubing,  higher  pump¬ 
ing  speeds  are  of  interest. 

Continuously  evacuated  systems. 
At  the  present  time  there  is  consid¬ 
erable  interest  both  in  this  country 
and  abroad  in  the  development  of 
high  power  demountable  transmit¬ 
ting  and  x-ray  tubes.  Although  high 
pumping  speeds  are  not  generally 
required,  reliability  of  operation  is 
of  utmost  importance  and  the  ques¬ 
tions  of  maintainance  and  operating 
cost  must  be  considered.  Although 
the  design  of  proper  baffie  arrange¬ 
ments  to  prevent  back  streaming  of 
the  oil  vapor  should  receive  serious 
consideration,  through  the  use  of 
fractionating  oil  pumps,  cold  traps 
may  be  eliminated  and  assurance 
given  that  the  lowest  possible  pres¬ 
sures  will  be  maintained  at  all  times 
even  over  long  periods  of  operation. 


cause  of  the  relatively  large  volumes 
involved,  the  problems  of  outgasing 
must  be  more  seriously  considered 
and  relatively  high  pumping  speeds 
are  desirable.  Glass  fractionating 
pumps  are  now  being  used  for  work 
of  this  type  and  pressures  are  be¬ 
ing  consistently  reported  which  are 
as  low  or  lower  than  those  attain¬ 
able  with  the  best  mercury  pumps 
employing  liquid  air  traps. 

Receiving  tubes.  In  the  manufac¬ 
ture  of  receiving  tubes  with  auto¬ 
matic  machines,  it  is  questionable 


exhaustion  is  at  SxlO"*  mm,  the  com¬ 
bination  of  mechanical  pump  and 
booster  permits  an  equivalent  pump¬ 
ing  speed  of  1000  times  that  of  the 
mechanical  pump  alone. 

In  considering  the  use  of  fraction¬ 
ating  oil  diffusion  pumps  the  follow¬ 
ing  factors  are  of  interest: 

A.  Use  of  Cold  Traps.  Because 
of  the  extremely  low  vapor  pressures 
of  the  newer  organic  fluids  oil  pumps 
may  be  operated  without  the  aid  of 
cold  traps  of  any  type.  Pumping 
speeds  are  thus  not  impaired,  the  in¬ 
convenience  of  maintaining  liquid 
air  or  solid  carbon  dioxide  is  elimin¬ 
ated  and  considerable  saving  can 
usually  be  effected. 

B.  Speed.  Because  of  the  higher 
pumping  efficiency  and  the  unique 
types  of  design  which  may  be  used 
with  oil  pumps,  extremely  high 
pumping  speed  may  be  obtained.'  In 
general,  these  are  many  times  that 
of  common  mercury  pumps. 

C.  Cooling.  Because  of  the  low 
vapor  pressure  materials  which  are 
employed  with  the  newer  oil  pumps, 
those  of  glass  construction  operate 
very  satisfactorily  with  air  cooling. 
The  larger  metal  units  generally  re¬ 
quire  water  but  the  heat  to  be  dis¬ 
sipated  for  a  given  speed  is  rela¬ 
tively  low. 


Other  Applications 


Glau  froctionatiag  pump  uMd  In 
th*  •xhoustion  of  commordol  tolo- 
rUion  picturo  tubot 


Although  it  has  been  demon¬ 
strated  that  fractionating  oil  pumps 
are  particularly  useful  for  the  eco¬ 
nomical  exhaustion  of  “getterless” 
transmitting  tubes,  there  are  many 
other  electronic  devices  with  which 
they  may  well  be  employed. 

In  spite  of  the  many  advances 
which  have  been  made  by  the  elec¬ 
tronics  industry  in  recent  years,  an 
improvement  in  vacuum  technique 
appears  to  be  peculiarly  lacking.  Ex¬ 
haust  schedules  employed  by  dif¬ 
ferent  organizations  in  some  cases 
differ  from  twenty  minutes  to  four 
hours  for  the  same  tjrpe  of  tube. 
Obviously  in  the  latter  case,  a  sub¬ 
stantial  reduction  in  the  manufac¬ 
turing  cost  could  be  achieved  by 
more  appropriate  design  of  exhaus¬ 
tion  equipment  and  proper  adherence 
to  the  fundamentals  of  high  vacuum 
technology. 

Television  and  cathode  ray  tubes. 
In  the  exhaustion  of  both  cathode 
ray  and,  in  general,  all  types  of 
“image”  tubes,  the  highest  possible 
vacuum  is  generally  desirable.  Be¬ 


whether  extremely  low  pressures  are 
necessary  or  in  some  cases  even  de¬ 
sirable.  Because  of  the  small  ex¬ 
haust  ports,  extremely  high  exhaust 
speeds  are  quite  impossible.  Pro¬ 
viding  that  adequate  fore  pressures 
can  be  maintained,  there  appears  to 
be  some  justification  for  replacing 
the  generally  employed  mercury 
pumps  with  metal  oil  boosters  in 
order  to  make  somewhat  lower  pres¬ 
sures  possible  and  obtain  savings  in 
both  water  and  power  consumption. 

It  is  interesting  to  contemplate 
the  possibility  of  attaching  a  high 
capacity  oil  pump  to  a  large  volume, 
this  in  turn  being  maintained  at  a 
pressure  of  perhaps  lO"*  mm.  Con¬ 
nections  could  then  be  made  from 
this  volume  to  various  ports  on  the 
machine  and  the  large  number  of 
mercury  units  which  are  generally 
employed  would  be  eliminated.  In 
this  way,  extremely  high  effective 
pumping  speed  would  always  be 
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A  means  by  which  receivers  located  in  buildings  in  congested  areas  may  be  supplied  with 
high  quality  signals  from  a  single  antenna.  The  signals  are  amplified  at  the  antenna 
and  fed  through  a  transmission  line  to  the  individual  receivers 


A  Central  Antenna  System 
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The  increased  interest  in  high 
quality  reception  calls  for  wide¬ 
band  transmission  and  wideband  re¬ 
ceivers.  This  again  brings  forward 
the  question  of  signal-to-noise  ratio. 
The  simplest  and  probably  easiest 
improvement  in  the  signal-to-noise 
ratio  is  obtained  by  the  use  of  a 
high  receiving  antenna  with  a 
shielded  lead-in  cable. 

In  the  larger  cities,  where  the  sig- 
nal-to-noise  ratio  is  poor  on  account 
of  man-made  static,  the  erection  of 
high  antennas  for  individual  re¬ 
ceivers  is  particularly  difficult  in  the 
majority  of  cases.  The  larger  build¬ 
ings  for  instance,  offer  no  possibil¬ 
ities  for  high  individual  antennas 
for  all  receivers  and  in  many  cases 
indoor  antennas  with  a  poor  signal- 
to  noise  ratio  are  used. 

A  solution  can  be  found  by  erect¬ 
ing  one  central  antenna  on  a  build¬ 
ing  and  by  feeding  the  individual 
receivers  in  the  building  from  it.  An 
attempt  to  put  this  idea  into  prac¬ 
tice  shows  a  number  of  complica¬ 
tions  however.  The  main  points  are : 
(1)  Some  receivers  will  be  at  a  re¬ 
mote  distance  from  the  antenna  so 
that  a  simple  lead-in  wire  will  suffer 
too  much  loss  and  moreover,  will 
pick  up  noise,  (2)  a  number  of 
receivers  in  parallel  will  have  a  total 
impedance  w’hich  is  too  low  to  match 
the  antenna-impedance,  (3)  the 
power  available  from  the  antenna 
will  be  insufficient  for  a  large  group 
of  receivers  and  (4)  interaction  be¬ 
tween  receivers  is  likely. 

These  difficulties  can  be  overcome 
in  the  following  ways: 

1.  The  power  from  the  antenna 
can  be  conveyed  to  remote  points  by 
means  of  a  transmission  line,  with 
small  losses  and  noise  pick-up.  A 
transmission  line  can  be  designed 
having  such  characteristics  that  a 
wide  band  of  frequencies  can  be 
passed  with  small  losses.  As  short- 
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The  input  impedance  of  each  receiver  ihould  be  high  compared 
to  the  impedance  of  the  tronsmiesion  line.  The  low  impedance 
tronsmiMion  line  is  terminated  with  a  resistance  equal  to  the 
characteristic  impedance  of  the  line 


wave  reception  should  be  possible, 
the  frequency-band  which  has  to  be 
passed  is  very  wide  indeed.  All  fre¬ 
quencies  from  the  long-wave  broad¬ 
cast  band  up  to  some  15  Me  should 
be  passed.  This  can  be  done  by 
means  of  a  transmission  line  having 


a  low  impedance  and  terminated  a1 
the  far  end  by  a  resistance  equal  t< 
the  characteristic  impedance  of  tht 
line. 

2.  A  large  group  of  receivers  car 
be  connected  in  parallel  to  such  i 
line  as  the  impedance  of  the  lint 


In  order  to  corer  the  frequency  range  from  150  kc  to  15  Me. 
there  are  two  amplifier  aectionB,  one  to  coTer  the  upper  portion 
of  the  range  and  the  other  to  corer  the  lower  portion 


can  be  much  lower  than  the  im¬ 
pedance  of  the  receivers.  All  re¬ 
ceivers  must  have  input  impedances 
which  are  high  compared  with  the 
line  impedance  or  the  transmission 
line  characteristics  will  be  upset. 
A  resistance  of  a  certain  minimum 
value  can  be  connected  in  series  with 
each  receiver.  This  resistance  also 
prevents  short-circuit  of  the  line  in 
the  case  of  an  accidental  short- 
circuit  in  one  of  the  receivers.  The 
impedance  of  the  line  can  be  matched 
to  the  impedance  of  the  antenna  by 
means  of  impedance-matching  trans¬ 
formers. 

3.  As  the  impedance  of  the  line  is 
low  a  considerable  step-down  ratio 
must  be  used.  This  brings  the  avail¬ 
able  voltage  on  the  line  down  to  a 
very  low  value.  This  can  be  over¬ 
come  by  the  use  of  an  amplifier.  The 
amplifier  must  have  a  flat  response 
over  the  broadcast-frequency  band. 
As  the  short-wave  band  should  be  in¬ 
cluded,  this  means  a  flat  response 
over  a  frequency  band  from  150  kc 
up  to  15  Me.  The  line  can  be  con¬ 
nected  to  the  amplifier  by  means  of 
impedance-matching  transformers 
and  the  amplifier  should  be  able  to 
furnish  the  power  required  for  all 
receivers  together  plus  line  losses. 

4.  Interaction  between  receivers 
can  be  overcome  by  the  series  re¬ 
sistance  in  each  receiver. 

The  Philips  Antennaphil  System 

The  general  lay-out  of  a  practical 
system  is  shown  on  page  37.  One 
antenna  is  used  and  is  connected  to 
the  amplifier  by  a  shielded  lead-in 
cable.  The  amplifier  should  be 
mounted  as  near  the  antenna  as  is 
practicable,  to  shorten  the  lead-in 
cable.  The  transmission  line  from 
the  amplifier  is  run  through  ^he 


building  and  tapped  in  all  rooms.  It 
is  not  allowed  to  make  side-taps  on 
the  line,  as  these  side-lines  will  up¬ 
set  the  impedance  match.  So  the 
transmission  line  is  run  from  one 
room  to  the  other  throughout  the 
building  and  in  every  room  an  out¬ 
let  is  mounted  on  the  wall.  In  the 
series  resistance  and  a  blocking- 
condensor  are  incorporated  in  the 
outlet.  The  condenser  prevents  the 
line  voltage  from  coming  into  the 
line  or  into  the  receivers  and  the 
resistor  prevents  short-circuit  of  the 
line  or  excessive  power-drain  from 
a  defective  receiver.  The  last  out¬ 
let  at  the  end  of  the  line  also  con¬ 
tains  the  terminating  resistance. 
The  value  of  the  resistance  is  64 
ohms  which  is  the  characteristic  im¬ 
pedance  of  the  line. 

The  line  consists  of  an  inner  con¬ 
ductor,  surrounded  by  a  special  in¬ 
sulating  low-loss  material.  Around 
this  insulation  is  a  copper  braid 
which  acts  as  a  screen  and  provides 
a  ground  for  the  receivers.  The 
shield  is  grounded  at  several  points 
in  the  building.  The  shield  is  cov¬ 
ered  with  a  protective  cover. 

The  Amplifier 

The  amplifier  has  several  interest¬ 
ing  features.  The  circuit  diagram 
is  shown  above.  A  rather  flat 
response  is  required  over  a  fre¬ 
quency  band  from  150  kc  up  to 
15  Me.  It  has  not  been  found  pos¬ 
sible  to  design  an  amplifier  with 
such  characteristics  in  one  stage. 
So  the  frequency  band  to  be  covered 
is  split  into  two  sections.  One  sec¬ 
tion  covers  the  high-frequency  band 
and  the  other  section  covers  the 
broadcast  bands.  The  amplifier  ac¬ 
tually  consists  of  two  one-stage 
amplifiers  in  parallel  and  the  antenna 


is  connected  to  both  amplifiers.  Each 
stage  has  an  output  transformer 
which  matches  it  to  the  line  and  as 
one  amplifier  covers  only  part  of  the 
frequency  band,  the  transformer  has 
to  be  designed  for  only  that  part  of 
the  frequency  band.  Since  some 
power  is  required,  power  tubes  are 
used.  The  amplifier  will  furnish  the 
antenna  power  for  50  receivers  plus 
line  losses.  Tubes  of  very  high 
mutual  conductance  such  as  the  1852 
or  1853  are  used  so  that  sufficient 
gain  is  obtained  with  only  one  stage. 
The  use  of  high-mu  tubes  renders 
the  amplifiers  liable  to  self-oscilla¬ 
tion  at  some  frequencies  which  can 
be  prevented  by  the  use  of  damping 
resistances.  The  tubes  used  have 
characteristics  of  which  a  large  por¬ 
tion  is  a  straight  line.  This  is  im¬ 
portant  since  a  bent  characteristic 
will  cause  cross-modulation.  Cross¬ 
modulation  may  occur  however  on 
powerful  local  transmitters  and 
cause  excessive  grid-swing.  To  pre¬ 
vent  this,  two  wave-traps  have  been 
incorporated  into  the  amplifier.  One 
for  the  long-wave  and  the  other  for 
the  short-wave  broadcast  band.  They 
may  be  tuned  or  switched  out  of  the 
circuit. 

Performance 

The  voltage  gain  of  the  amplifier, 
comparing  the  input  voltage  and  the 
output  voltage  at  the  line  near  the 
amplifier  measured  under  rather 
poor  conditions,  is  as  follows: 

200  kc  voltage  gain  1.4 


600  kc 

”  1.0 

1200  kc 

”  1.0 

8000  kc 

”  0.5 

The  voltage  gain 

found  by  com- 

paring  the  input  voltage  to  the  amp¬ 
lifier  with  the  output  voltage  meas¬ 
ured  at  the  far  end  of  the  transmis- 

sion  line  is: 

200  kc  voltage 

gain  1.2 

600  kc 

”  0.8 

1200  kc 

”  0.8 

8000  kc 

”  0.2 

A  transmission  line  of  400  meters 
was  used.  If  practical,  two  lines  with 
a  total  length  of  500  meters  can  be 
connected  in  parallel  to  the  ampli¬ 
fier.  If  this  length  is  insufficient, 
two  antennas,  two  amplifiers  and  two 
transmission  lines  should  be  used. 
If  short-wave  reception  is  not  re¬ 
quired,  a  transmission  line  of  2000 
meters  may  be  used  on  a  single 
antenna  and  amplifier. 
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A  Vector 

Conversion  Chart 


IN  radio  engineering  it  is  frequently  . 

necessary  to  convert  from  the 
polar  form  of  coordinates  to  the  rec¬ 
tangular  and  vice  versa.  These  con¬ 
versions  arise  frequently  in  designing 
networks  and  analyzing  their  action, 
since  the  impedances  involved  are  often 
given  in  rectangular  form  (as  resis¬ 
tance  and  reactance)  whereas  the  cur¬ 
rent-voltage  relation  of  the  impedance 
depends  on  the  polar  form  (the  abso¬ 
lute  magnitude  of  the  impedance  and  - 
its  phase  angle).  A  simple  means  of 
performing  such  conversions,  to  very 
nearly  the  same  degree  of  accuracy  as 
offered  by  a  ten-inch  slide  rule,  is  given 
in  the  accompansring  chart.  The  use  of 
the  chart  is  best  illustrated  by  the  fol¬ 
lowing  examples: 

EXAMPLE  1.  TO  CONVERT  FROM 
THE  RECTANGULAR  TO  THE 
POLAR  FORM 

Given:  3.00  -f-  j4.00.  Locate  the 
smaller  component  3.00  on  the  S  scale 
and  the  larger  component  4.00  on  the 
L  scale.  Connect  by  a  straight  line. 
Read  the  vector  angle  63.1*  at  the  in¬ 
tersection  of  this  line  with  the  LS  scale, 
reading  on  the  SMALL  -f  jLARGE 
side  of  the  scale.  Locate  the  same 
angle  53.1*  on  the  MS  scale  and  con¬ 
nect  by  a  straight  line  with  the  3.00 
previously  located  on  the  S  scale.  Read 
the  magnitude  of  the  vector  5.00  at  the 
intersection  of  this  line  with  the  M 
scale.  Hence:  3.00  -H  j4.00  =6.00 
/  53.1*.  Were  one  given  4.00  +  j3.00, 
the  LARGE  +  j SMALL  angle  scales 
would  be  read,  giving  6.00/  36.9*. 
EXAMPLE  2.  TO  CONVERT  FROM 
THE  POLAR  TO  THE  RECTAN¬ 
GULAR  FORM 

Given:  13.0/  22.6*.  The  method  is 
the  inverse  of  example  1.  Locate  the 
vector  magnitude  13.0  on  the  M  scale 
and  the  vector  angle  22.6*  on  the  MS 
scale.  Connect  by  a  straight  line.  Read 
the  smaller  component  6.00  at  the  in¬ 
tersection  of  the  line  with  the  S  scale. 
Locate  the  vector  angle  22.6*  on  the  LS 
scale  and  connect  by  a  straight  line 
with  the  smaller  component  5.00  just 
found  on  the  S  scale.  The  intersection 
of  this  line  with  the  L  scale  gives  the 
larger  component  12.0.  The  side  of  the 
angle  scales  on  which  the  angle  is 
read  determines  form  of  the  result, 
namely,  LARGE  +  jSMALL.  Hence: 
13.0/  22.6*  =  12.0  +  j5.00. 

EXAMPLE  3.  TO  CONVERT  FROM 
ANGLES  TO  COSINES  AND 
POWER  FACTORS 
Given:  24.5*.  Locate  the  angle  on 
the  LS  scale.  Connect  by  a  straight 
line  with  the  PF  point.  The  intersec¬ 
tion  of  the  line  with  the  PF  scale  gives 
the  cosine,  0.910,  or  the  power  factor, 
91.0  per  cent.  Always  read  PF  and 
LS  scales  on  corresponding  sides. 

EXAMPLE  4.  The  components  and 
vector  magnitude  may  be  divided  or 
multiplied  by  a  common  factor,  multi¬ 
ples  of  10  in  particular.  Thus  for  90  + 
jl37  set  9.0  +  ,il3.7  and  multiply  re¬ 
sultant  by  10.  Angle  and  power  fac¬ 
tor  remain  unchanged. 
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Th«  darker  shaded  portion  of  the  above  sketch  shows  the  latest  addition  to 
''Our  Factory  in  the  Fields".  Into  this  structure  we  will  move  offices  and 
loberotory  and  convert  the  vacated  space  into  larger  manufacturing  quarters 
for  our  one  and  only  product  —  Fine  Small  Tubing. 


New  Books 


The  Decline  of  Mechanism 
in  Modern  Physics 

By  A.  d'Abro.  D.  Van  Nostrand  Co., 

Inc.,  New  York,  19S9.  982  pages,  61 

illustrations.  Price,  $10.00. 

The  practicing  engineer  in  electron¬ 
ics  today  may  find  very  little  use  for 
the  advanced  findings  of  the  research 
physicist,  just  as  the  electrical  en¬ 
gineers  of  1910  found  little  of  value 
in  the  then  new  discoveries  in  thermi¬ 
onic  and  photoelectric  emission.  But 
many  electronic  engineers  have  found 
it  worthwhile  to  keep  up  with  advances 
in  physics  because  the  most  significant 
findingps  have  appeared  in  the  atomic 
and  sub-atomic  domain.  A  more  prac¬ 
tical  reason  lies  in  the  fact  that  it 
takes  (judging  from  past  experience) 
only  16  years  for  the  academic  dis¬ 
coveries  of  physics  to  become  the  prac¬ 
tical  realities  of  engineering. 

But  keeping  up  with  modem  physics 
has  not  grown  easier  in  recent  years, 
because  the  physicists  have  found  it 
necessary  to  adopt  a  very  specialized 
mathematical  approach  and  to  think 
in  terms  of  concepts  which  seem  far 
removed  from  the  hard  facts  of  ex¬ 
perience.  In  his  latest  book,  Mr.  d’Abro 
has  recognized  this  fact  and  has  written 
a  treatise  intended  to  explain  and  make 
plausible  these  new  concepts  without 
resorting  to  involved  mathematical 
demonstrations.  To  do  so  without  tak¬ 
ing  great  liberties  with  the  rigour  of 
the  subject  is  a  difficult  job,  but  Mr. 
d’Abro  has  succeeded,  to  the  same 
degrree  in  fact  (though  in  a  very  dif¬ 
ferent  way)  as  has  K.  K.  Darrow  in 
his  reviews  of  contemporary  physics. 

The  book  is  a  large  one,  and  its  price 
proportionately  great.  This  fact  may 
deter  many  from  buying  it  who  prefer 
to  reserve  major  expenditures  for  books 
to  be  used  frequently  for  reference. 
The  Decline  of  Mechanism  is  not  a 
reference  work,  but  it  is  a  masterpiece 
of  simple  exposition  of  an  abstruse 
subject.  For  those  who  wish  to  be 
conducted  in  not-to-hurried  fashion 
from  the  familiar  concepts  of  Newton, 
Huygens,  and  the  classic  physicists  to 
the  bizarre  ideas  of  de  Brogile  and 
Heisenberg,  this  book  is  certainly  well 
worth  the  price. 

The  book  has  no  fewer  than  41  chap¬ 
ters,  divided  into  three  parts:  I,  Gen¬ 
eral  Considerations  (the  scientific 
method,  the  basic  of  cause-and-effect 
theories,  including  one  interesting 
chapter  on  “The  Psychological  Differ¬ 
ences  Among  Physicists’’) ;  II,  Physi¬ 
cal  Theories  of  the  Classical  Period 
(mathematical  formulation,  gravity, 
undulatory  theory  of  light,  thermo¬ 
dynamics  and  kinetic  gas  theory) ;  and 
Tlie  Quantum  Theory  (Planck’s  origi¬ 


nal  work,  the  Bohr  atom,  de  Broglie’s 
Wave  Mechanics,  Heisenbergs  Uncer¬ 
tainty  principles,  Schrodinger’s  me¬ 
chanics  and  radiation  theory,  matrix 
concepts,  Dirac’s  theory  of  the  electron, 
new  statistical  methods,  etc.).  Through¬ 
out,  the  mathematics  employed  should 
grive  no  difficulty  to  an  engineering 
graduate.  The  author  has  a  lot  say, 
and  he  has  taken  plenty  of  space  in 
which  to  say  it,  but  he  says  it  well. 
— D.G.F. 

•  •  • 

Principles  and  Practice  of 
Radio  Servicing 

By  H.  J.  Hicks,  Radio  Instructor, 
Hadley  Vocational  School,  St.  Louis. 
McGraw-HUl  Book  Co.,  New  York, 
19S9,  SOS  pages.  Price,  $S.00. 

The  servicing  branch  of  the  industry 
is  well  served  by  this  book.  The  prob¬ 
lem  of  servicing  radio  receivers  and 
allied  equipment  is  approached  from 
both  the  theoretical  and  practical  view¬ 
points.  The  author  states  in  the  pre¬ 
face  that  the  fundamental  principles 
are  carefully  explained  and  then  the 
application  of  these  principles  to 
various  components  of  radio  receivers 
is  discussed.  In  addition,  the  more 
complicated  problems  are  covered  in 
some  detail  and  definite  instructions 
are  given. 

The  first  two  chapters  are  devoted 
to  the  fundamentals  of  magnetism, 
electricity  and  radio.  In  Chapter  III 
are  discussed  radio  tubes,  their  oper¬ 
ation  and  application  to  the  basic  cir¬ 
cuits.  R-f  amplifiers,  a-f  amplifiers, 
power  supplies  and  detectors  are  treated 
in  separate  chapters.  The  various  con¬ 
trol  circuits  such  as  volume  and  tone 
controls,  loud-speakers,  antennas  and 
the  elimination  of  static  are  covered 
in  considerable  detail.  The  design  and 
use  of  test  equipment  including  the  set 
analyzer,  Wheatstone  bridge,  a-f  and 
r-f  oscillators,  vacuum-tube  volt  meter, 
etc.  are  described.  There  is  also  in¬ 
cluded  a  chapter  on  public  address 
systems  with  a  discussion  of  micro¬ 
phones,  circuits,  installation  and  oper¬ 
ation.  The  last  chapter  is  entitled  “The 
Business  Side  of  Radio  Servicing’’  and 
endeavors  to  get  across  to  the  reader 
the  idea  of  how  to  best  use  the  knowl¬ 
edge  gained  in  reading  the  previous 
chapters.  Incidentally,  any  one  in 
business  would  do  well  to  read  this 
chapter  because  the  ideas  presented 
are  by  no  means  limited  to  the  field 
of  radio  servicing.  An  appendix  is  in¬ 
cluded  which  contains  much  frequently 
referred  to  information  and  a  list  of 
twenty-nine  helpful  books  and  maga¬ 
zines. 


This  book  is  well  worth  its  cost  and 
the  time  of  studying  to  any  service 
man  who  is  interested  in  consistently 
doing  a  first-class  service  job.  It  is 
also  valuable  to  the  person  who  de¬ 
sires  an  elementary  treatment  of  the 
theory  of  radio  and  the  practical  ap¬ 
plication  of  that  theory. — c.w. 


•  •  • 


Electron  Optics 

By  the  Research  Staff  of  Electric  and 
Musical  Industries,  Ltd.,  compiled  and 
written  by  Otto  Klemperer.  Cambridge 
University  Press,  The  Macmillan  Com¬ 
pany,  New  York.  Paper  bound,  117 
pages.  Price  $1.75. 

THIS  SHORT  BpOK  is  one  of  the  series  of 
“Cambridge  Physical  Tracts’’  which  so 
ably  review  the  progress  of  modern 
physics.  It  has  been  written  for  the 
advanced  physics  student  and  the  re¬ 
search  worker,  but  does  not  presuppose 
any  but  a  general  knowledge  of  physical 
theory.  In  particular  it  is  not  assumed 
that  the  reader  has  specialized  in  the 
gfeometrical  optics  of  light.  However, 
the  text  is  not  “elementary,’’  since  it  is 
necessary  to  follow  the  usual  calculus 
demonstrations,  including  one  or  two  of 
the  vector  calculus  variety.  The  chap¬ 
ters  include  an  introduction,  discussions 
of  cardinal  points  of  lense  and  of  field 
plotting,  descriptions  of  electrostatic 
and  magnetostatic  lenses  and  their  ab¬ 
errations,  followed  by  a  review  of  prac¬ 
tical  applications.  The  concluding  chap¬ 
ter  describes  the  uses  of  fields  having 
radial  symmetry  (as  against  the  axial 
symmetry  of  conventional  “ray’’  elec¬ 
tron  optics)  taking  the  beam  power  tube 
as  an  important  example.  The  book  is 
recommended  as  a  concise  introduction 
to  the  subject,  written  in  a  manner  un¬ 
derstandable  to  those  who  have  had  a 
good  course  in  college  physics. — D.G.F. 

•  •  • 

Neon  Tube  Practice 
Second  Edition 

By  W.  L.  ScHALLREUTER,  Ph.  D.  Chem¬ 
ical  Publishing  Co.,  New  York,  19S9. 

255  pages,  28  figures,  SO  plates. 

Price,  $4.25. 

THIS  SECOND  EDITION  has  been  enlarged 
and  detailed  treatment  has  been  ac¬ 
corded  two  developments  which  have 
assumed  increased  importance  since  the 
first  edition:  the  hot  cathode  and  the 
fiuorescent  tube.  The  book,  although 
written  and  printed  in  Great  Britain, 
is  generally  applicable  to  American 
practice.  The  treatment  is  simple,  since 
the  book  is  intended  for  technicians 
who  manufacture,  install,  and  maintain 
neon  signs.  The  more  advanced  reader 
will  find  of  interest  the  data  on  special 
effects  (such  as  “wriggle  tubes”  in 
which  the  gas  discharge  path  main¬ 
tains  a  continuous  motion)  and  on 
vacuum  practice. — O.G.F. 
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Its  4^  westin^ouse 

ET  ACCURATE  OPERATING  DATA 


PLUG  IN  ANY  INSTRUMENT 


\#WESTmCH0U5E 

ELECTPtC 


WATTMETERS 

Single  •  phase  or  polyphase; 
110  volts;  5,  10,  and  20  am¬ 
peres  capacity.  Higher  values 
with  convenient  transformers. 


AMMETERS 


Self-contained  ratings  up  to 
125  amperes  with  higher 
values  available  through 
transformers. 


VOLTMETERS  WATTHOUR  METERS  RECORDERS 


TEST  JACK 


Self-contained  ratings  1 50,  300 
and  600  v.  a-c,  and  1 50,  300,  500 
and  750  v.d-c.  Higher  a-c  voltages 
with  transformers. 


Standard  watthour  meters  also 
fit  socket  in  same  ratings, 
single-phase  or  polyphase. 


Circular  chart  type  ammeters 
and  voltmeters  —  accurate,  re¬ 
liable  records  available  without 
change  of  wiring. 


Base  plate,  handle  and  blades 
for  plugging  into  socket.  Adants 
any  instrument  or  the  complete 
analyzer  to  socket  use. 


’  '-'  T  . 

TX  Analyzer  for  d-c. 

■HI till  - 


TA  Analyzer  for  a-c. 


INDUSTRIAL 

ANALYZERS 


Give  complete  operating  data  on  any 
machine,  without  change  of  wiring 
and  without  interrupting  production. 
Applied  to  socket  with  test  jack. 
Quick,  accurate,  portable. 


TUBES  AT  WORK 

SIMPLE  high-quality  heat  oscillator, 
the  prohlem  of  measuring  dosage  in 
s-w  therapy,  measuring  thin  films  hy 
capacitance,  and  testing  coils  with  r-f — 
this  month^s  crop  of  tuhe  applications 


A  Modern  Beat  Oscillator 

By 

C.  W.  Caldwell  and  C.  W.  Harrison 
Purdue  Univeraity  Lehigh  University 

The  design  op  beat  frequency  oscil¬ 
lators  has  passed  through  many  stages 
from  the  elaborate  10-tube  to  the  sim¬ 
plest  1-tube  signal  generator.  The  sim¬ 
plified  oscillator  is  limited  in  applica¬ 
tion  due  to  its  poor  wave  form  while 
the  elaborate  oscillator  is  limited  by 
its  expense.  The  details  of  an  oscilla¬ 
tor  that  can  be  used  for  almost  every 
purpose,  with  very  high  standards  of 
performance,  are  described  in  this 
paper.  This  oscillator  has  the  follow¬ 
ing  desirable  features: 

(1)  Simplicity  of  design 

(2)  Constant  output  voltage 

(3)  No  elaborate  shielding  required 

(4)  Multiple  range  of  voltage  and 
impedance  output 

(5)  No  locking-in  tendencies 

(6)  Excellent  waveform 

(7)  Appreciable  output  at  one  cycle 
per  second 

(8)  Band  spread  which  offers  a  full 
scale  to  1000  cycles  variation,  plus  or 
minus  that  of  the  set  frequency 

(9)  Inexpensive  to  construct. 

The  high  frequency  oscillators  which 
beat  together  to  give  the  difference 
frequency  play  a  large  part  in  the 
design  of  the  signal  generator.  A 
small  percentage  change  in  the  fre¬ 
quency  of  one  oscillator  will  affect  the 
output  or  audio  signal  directly,  un¬ 
less  the  other  high  frequency  oscilla¬ 
tor  should  vary  an  equal  amount  in 


the  same  direction.  This  condition  calls 
for  two  principal  characteristics:  an 
inherently  stable,  electron-coupled  os¬ 
cillator  and  symmetry  in  the  physical 
layout  with  respect  to  internal  heat 
and  to  the  electrical  symmetry  of  the 
oscillator  inductances. 

Another  element  used  to  stabilize 
the  oscillators  electrically  is  a  highly 
capacitive  L-C  circuit.  The  additional 
capacitance,  which  may  be  either  a 
mica  dielectric  or  an  air  dielectric  con¬ 
denser,  is  of  value  for  another  reason, 
that  is,  the  fact  that  a  trimmer  con¬ 
denser  on  the  fixed  frequency  oscilla¬ 
tor  will  not  produce  a  large  percentage 
change  in  capacity  of  the  resonate 
L-C  circuit.  The  band-spread  feature 
of  this  beat  frequency  oscillator  de¬ 
pends  upon  the  trimmer  condenser.  It 
varies  the  frequency  of  the  “fixed  fre¬ 
quency”  oscillator  from  169  to  170 
kc  which  gives  a  change  in  the  audio 
output  of  1000  cycles  regardless  of  the 
difference  frequency  already  produced. 

The  trimmer  condenser  is  distinctly 
an  economic  advantage  because  it  saves 
the  expense  of  a  tapered  variable  con¬ 
denser  on  the  variable  oscillator.  The 
output  of  the  fixed  frequency  oscilla¬ 
tor  is  fed  into  a  resonant  circuit  which 
filters  out  the  harmonics  and  gives  a 
sine  wave  output  over  the  169  to  170 
kc  range.  The  resonant  circuit  is  nec¬ 
essary  to  prevent  superfluous  beat 
notes  that  would  otherwise  be  pro¬ 
duced. 

The  variable  frequency  oscillator  is 
quite  similar  to  that  of  the  fixed  fre¬ 
quency  oscillator,  the  principal  dif¬ 
ference  being  that  in  place  of  the 


trimmer  condenser  a  500  Ai^f  variable 
condenser  is  used.  The  inductance  coils 
of  the  oscillators  may  be  designed  for 
the  audio  frequency  range  desired,  the 
only  limitation  being  that  both  oscilla¬ 
tor  inductances  must  be  identical, 
physically  and  electrically.  To  obtain 
good  waveform  the  fixed  frequency  os¬ 
cillator  signal  is  strong  and  of  con¬ 
stant  output  while  the  variable  oscil¬ 
lator  signal  is  rather  weak.  This  re¬ 
sults  in  favorable  waveform  as  well 
as  constant  voltage  output  over  the 
entire  frequency  range.  The  tubes  used 
in  the  oscillator  are  metal,  hence  the 
only  shielding  necessary  is  that  di¬ 
rectly  over  the  oscillator  inductances. 


The  transformer  (T)  is  an  inter- 
mediate-frequency,  three-winding  type 
whose  adjustment  is  not  critical  as  long 
as  the  primary  resonates  at  169  to 
170  kc.  Balanced  detection  is  espe¬ 
cially  adaptable  because  there  is  no 
tendency  to  lock-in  at  low  audio  fre¬ 
quencies.  This  detector  affords  an  ap¬ 
preciable  output,  approximately  one 
volt  at  intermediate  frequencies.  The 
plate  resistance  of  the  detector  is  used 
as  the  terminating  input  resistance  in 
the  filter  design  and  the  filter  is  ter¬ 
minated  into  the  plate  load  resistors. 
The  coupling  condensers,  C,,  are 
0.5  Mf  each,  and  even  though  they  offer 
a  high  resistance  at  low  frequencies, 
five  volts  may  be  obtained  at  one 
cycle  with  an  infinite  terminating 
impedance. 

The  filter  design  is  of  the  usual 
v-section  type,  and  is  necessarily  in 
both  halves  of  the  audio  amplifier. 
When  this  filter  is  properly  designed 
and  terminated  it  will  remove  all  radio 
frequency  and  will  help  to  suppress 
superfluous  beat  notes.  Some  design¬ 
ers  find  it  necessary  to  include  two 
sections  but  this  is  not  necessary  if 
the  design  and  terminating  resistors 
are  correct.* 

A  dual  volume  control  is  necessary 
because  of  the  push-pull,  dass  A  ar¬ 
rangement  of  the  audio  amplifier.  This 
volume  control  is  in  the  input  of  the 
first  amplifier  stage.  The  output  of  this 
amplifier  may  complete  the  oscillator 
as  10  or  more  volts  may  be  obtained 


^  F.  E.  Terman,  “MeaMurementa  of  Radio 
EnKineerina,"  McGraw-Hill  Book  Co..  1936, 
pp.  298-303. 


Hg.  1 — Complato  circuit  diagram  of  a  stable  and  simple  beat  oscillator 
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SPECIALIZATION 


For  17  years  the  entire  IRC  organization  has 
focused  its  research  work,  its  ability  and  its  energy 
exclusively  upon  the  design  and  manufacture  of 
fixed  and  variable  resistors.  From  this  specialization 
have  resulted  products  of  tested  quality,  a  world 
wide  reputation  for  engineering  achievement  and 
a  thorough  knowledge  of  resistance  problems. 


DIVERSIFICATION 


This  concentration  of  effort  has  resulted  in  the 
development  of  many  kinds  of  resistors  for  widely 
divergent  applications  and  is  constantly  providing 
new  designs  for  current  research  problems. 


2  sizes  Variable  Metallized  Controls 
4  sizes  Insulated  Metallized  Resistors 

to  sizes  High  Frequency  Metallized  Resis¬ 
tors  (1/3  to  150  watts) 

4  sizes  Ultra-High  Range  Metallized  Re- 


3  sizes  All-Metal  Power  Rheostah  (2  to 
50  watts) 

2  sizes  Attentuators 

7  sizes  Insulated  Wire  Wound  Resistors 
(1/2  to  20  watts) 

5  sizes  High  Voltage  Metallized  Resistors 
5  sizes  Metallized  Suppressors 
12  sizes  Precision  Wire  Wound  Resistors 

53  sizes  Fixed  and  Variable  Power  Wire 
Wound  Resiston 


INTERNATIONAL  RESISTANCE  COMPANY 

403  N.  BROAD  STREET 


PHILADELPHIA.  PA 


I 


ances. 


between  100  and  12,000  cps.  This  would 
complete  the  4-tube  (working)  beat 
frequency  oscillator  which  has  all  the 
performance  characteristics  excluding 
automatic  volume  control,  found  in 
most  commercial  beat  frequency  oscil¬ 
lators. 

The  last  stage  was  added  purely  to 
make  the  beat-frequency-oscillator  more 
versatile.  It  offers  a  higher  voltage 
output  and  a  choice  of  impedances. 
The  6F6  is  normally  used  as  a  pentode 
but  its  distortion  proved  to  be  rela¬ 
tively  high;  hence,  it  was  connected  as 
a  triode.  The  resistors  in  the  6F6 
plate  load  provides  an  impedance  at 
low  frequencies.  The  double  pole  triple 
throw  switch  provides  an  adequate 
method  for  changing  output  imped¬ 


ALSiMag 


By  Eugene  J.  Mittelmann, 

E.  E.,  Ph.  D. 

Short  wave  therapy  is  now  in  com¬ 
mon  use  all  over  the  world  as  a  very 
successful  branch  of  physical  therapy. 


,  ,  .  the  pioneer  antenna  structure 
for  FM  (frequency  modulation) 
transmission  erected  by  Major 
E.  H.  Armstrong  at  Alpine,  New 
Jersey  is  equipped  with  Super 
Low-Loss  Alsimag  196  Insulators. 
You,  too,  can  use  this  fine  Steatite 
material  at  no  increase  in  price 
over  the  ceramic  material  you  are 
now  using.  Write  us. 


Dosimetry 

In  Short  Wave  Therapy 


American  Lava  Corporation 

Chattanooga,  Tennessee 
Branch  offices  in  principal  cities 
(See  phone  book) 


Viaw  of  compUtad  oscillator 

In  place  of  automatic  volume  con¬ 
trol,  a  simple  vacuum  tube  voltmeter 
assures  a  constant  output  independent 
of  frequency.  The  vacuum  tube  volt¬ 
meter  used  is  a  simple  cathode-ray 
indicator,  shown  in  Fig.  2.*  The  out¬ 
put  is  adjusted  to  the  desired  level  by 
the  calibrated  control  on  the  vacuum 
tube  voltmeter  and  the  eye  is  closed 
by  the  volume  control  on  the  beat 
frequency  oscillator.  Adjustment  is 
normally  required  only  over  the  low 
frequency  range. 

*  Conner,  “The  Vacuum  Tube  Voltmeter 
as  a  Service  Tool,”  Bulletin. 
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ilECTRONICS  circulation  among 
fngineers  and  executivos  in  every 
fmpoftant  manufacturing  plant  in 
^.8  radio  set  industry,  the  com- 
P^ynicotion  equipment,  electrical 
Instrument,  electron  tube,  non- 
{ommunicating  equipment,  and 
found  industries,  has  made  this 
publication  a  profitable  medium 
for  selling  industrial  products  to 
IHese  manufacturers. 

As  a  plus  circulation,  ELECTRONICS 
^Qs  more  than  2,000  paid  sub¬ 
scribers  in  industrial  plants— men 
Controlling  the  operation  and  buy¬ 
ing  the  equipment  for  applica¬ 
tions  of  the  electron  tube  in  metal 
mining  and  refining;  chemical,  oil 
end  food  processing;  public  utili¬ 
ses,  automotive,  railroad  and  air¬ 
craft  transportation. 

Many  industrial  products  can 
l>e  merchandised  successfully 
tbrough  ELECTRONICS  to  this  val- 
Unbic  group  of  buyers. 

Write  ELECTRONICS  today  for  fur¬ 
ther  information  on  how  you  can 
tell  this  industrial  market  eco- 
ttomically  and  effectively. 
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INSUROK 


the  Precision  Plastic 


RICHARDSON  COMPANY 


MELROSE  PARK,  ICHICAGO)  ILL  FOUNDED  1858  LOCKLAND.  'CINCINNATI!  OHIO 
NEW  BRUNSWICK.  N.  J.  INDIANAPOLIS.  IND 

DETROIT  office:  4-252  G  V  BUILDING  PHONE  MADISON  9386 
NEW  YORK  office:  75  WEST  STREET.  PHONE  WHITEHALL  4-4487 


Unfortunately  one  of  the  most  im¬ 
portant  problems  of  the  new  therapy 
remained  unsolved  for  many  years. 
When  a  body  is  introduced  between  the 
electrodes  of  a  short  wave  therapy  ma¬ 
chine,  heat  is  created  in  the  interior  of 
the  body  due  to  the  dielectric  losses  in 
the  object  under  treatment.  It  is  of  the 
utmost  importance  from  the  point 
of  view  of  duplicating  a  certain  treat¬ 
ment  under  similar  conditions  to  know 
the  exact  amount  of  energy  absorption 
in  the  body.  The  number  of  calories 
developed  in  the  interior  of  the  body  is 
proportionate  to  the  amount  of  the 
energy  absorption.  The  total  power  de¬ 
livered  by  a  short  wave  therapy  ma¬ 
chine  is  divided  into  two  components. 


AMi/umceo 


Thrtshoki  ArvW  of  mftirmth  sensation 


Select  Richardson  as  your  source  of  supply 
for  all  laminated  and  molded  plastics.  Enjoy 
the  extensive  manufacturing  facilities,  as  well 
as  the  services  of  highly  specialized  techni¬ 
cians  in  engineering,  design  and  research 
laboratories,  of  this  complete  organization. 
Whatever  your  requirements,  consult  Richard¬ 
son.  An  interview  will  be  advantageous. 


Hsat  imprcttion  va.  absorbed  power 


One  part  is  radiated  in  the  air  space 
due  to  the  radiation  losses,  the  magni¬ 
tude  of  which  will  depend  on  the 
distance  and  area  of  the  electrodes. 
The  other  component  is  absorbed  by 
the  dielectric  losses  of  the  object  in¬ 
troduced  between  the  electrodes.  This 
power  is  of  interest  to  the  physician. 
The  technical  problem  is  to  measure 
this  magnitude  alone,  i.e.,  a  certain 
fraction  of  a  given  total  power.  To 
make  the  problem  more  complicated, 
both  the  total  power  and  the  fraction 
to  be  measured  are  widely  varied  due 
to  the  different  techniques  of  electrode 
application  during  the  treatment. 

Considering  this  basic  problem,  if 
dosimetry  is  to  satisfy  all  demands 
which  can  reasonably  be  placed  upon 
it,  the  following  are  the  minimum  con¬ 
ditions  which  must  be  fulfilled : 

(1)  The  measurement  must  oe  direct 
reading  and  register  the  actjal  high 
frequency  power  absorbed  by  the 
patient  and  only  that  energy  alone. 

(2)  The  measurement  must  be  avail¬ 
able  during  the  treatment  in  a  manner 
permitting  reading  a  scale  ranging 
from  zero  to  maximum.  The  instrument 
must  follow  and  indicate  every  varia¬ 
tion  in  energy  absorbed  by  the  object 
under  treatment.  Only  such  a  method 
of  measurement  which  facilitates  con¬ 
stant  control  of  treatment  meets  with 
the  essential  demands. 

(3)  The  method  must  have  no  in¬ 
fluence  on  the  usual  medical  technic; 
in  other  words,  measurement  should 
be  possible  irrespective  of  the  size  or 
position  (air  distance)  of  the  electrodes 
and  for  all  objects  under  treatment. 

The  principle  on  which  the  instru¬ 
ment  developed  by  the  author*  is  based 
may  be  explained  in  the  following 
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Engineering  data  describing 
the  C-D  etched  ioil  electrolytics 
available  on  request.  For  indus¬ 
trial  oil  and  transmitting  capaci¬ 
tors.  send  for  catalog  No.  160T. 
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CORNELL-DUBILIER 

ELECTRIC  CORPORATION 

1006  Hamilton  Boulevard,  South  Plainfield,  New  Jersey 

Cabir  Addirtt  COROU 


ELECTROLYTIC  CAPACITORS 


Etched  Foil  Type  •  For  Direct  Current  Applications 


The  exclusive  C-D  electro-chemical  etching 
process  employed  in  the  production  of  electro¬ 
lytic  capacitors  for  direct  current  applications 
is  the  result  of  many  years  of  costly  research 
and  development  vrork. 


The  ever-increasing  demand  for  etched  foil 
capacitors  bearing  the  C-D  trade  mark  is 
proof  that  this  engineering  effort,  usually 
taken  for  granted,  is  appreciated.The  low  elec¬ 
trical  leakage,  minimum  power-factor,  high 
degree  of  capacity  stability*  over  wide  tem¬ 
peratures,  long  life  characteristics  and  small 
physical  size  of  the  containers,  makes  these 
capacitors  ideal  units  for  use  in  circuits  where 
size,  dependability  and  economy  are  essential. 


*C-D  type  UP  Electro-Chemically  Etched  Foil  Capacitors  have  been  found  most 
suitable  for  use  in  automobile  radio  receivers  by  a  majority  of  manufacturers 


PRODUCT  or  THE  WORLD'S 
LARGEST  AND  OLDEST  MANU¬ 
FACTURER  or  CAPACITORS. 


The  above  curves  show  the  effect  of  variations  in  ambient 
ature  on  capacity  and  power  •  factor  valaet  of  etched  foil  un’ti 


\ 


Scores  of  commercial  radio 
stations  are  taking  advan¬ 
tage  of  the  unusual  capa¬ 
bilities  of  Eimac  tubes,  it 
will  pay  you  to  investigate. 


EITEL-McCUlLOUGH,  Inc.  San  Bruno,  Calif 


figures.  In  Fig.  1  L  and  C  denote  the 
total  secondary  inductance  and  capacity 
of  the  patient  circuit.  The  object  O  is 
introduced  between  the  electrodes  E. 
This  actual  circuit  may  be  reproduced 
by  the  electrically  equivalent  circuit 
of  Fig.  2  in  which  C  represents  all 
circuit  capacity.  The  total  losses  of  the 
circuit  are  given  by  the  parallel  re¬ 
sistances  Ri  and  Rj.  Ri  represents  the 
equivalent  total  loss  resistance  of  the 
circuit  due  to  the  radiation  losses  and 
the  loss  of  the  unloaded  circuit  itself. 
Ri  is  the  equivalent  parallel  resistance 
introduced  in  the  circuit  by  introducing 
the  object  between  the  electrodes.  The 
magnitude  of  the  resistance  Rt  will 
depend  on  the  coupling  capacities  be¬ 
tween  the  electrodes  and  the  object 
corresponding  to  the  di.stance  chosen. 


Fi?.  1 — Basic  th*rap7  circuit 


''‘to  JtooU-l 
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Fig.  2 — Equivalent  circuit  with 
resistance  load 


Considering  Figs.  1  and  2,  the  only 
way  to  measure  the  power  absorbed 
by  the  patient  under  treatment  is  by 
first  determining  the  “equivalent  pa¬ 
tient  resistance.”  This  may  be  done 
in  a  very  simple  way.  Let’s  assume, 
that  the  circuit  in  Fig.  2  is  excited  by 
a  constant  primary  voltage.  In  this 
case  the  resonant  voltage  across  the 
terminals  of  the  circuit  will  be  pro¬ 
portional  to  the  magnitude  of  the 
equivalent  parallel  resistance,  which 
represents  the  total  losses  of  the  cir¬ 
cuit.  Let  us  denote  by  e,  the  resonance 
voltage  when  no  object  is  introduced 
between  the  electrodes  and  all  losses 
are  represented  by  the  parallel  re¬ 
sistance  Ri.  Then  =  k  Ci.  After  in¬ 
troduction  of  the  patient  between  the 
electrodes  the  resistance  Rt  is  switched 
in  parallel  to  resistance  /?,  and  the 
resonance  voltage  Cj  will  be  propor¬ 
tional  to  the  resultant  resistance  of 
both  Ri  and  Rt. 


From  (Eq.  1)  we  get 
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PEER — calling  all  stations — to  re- 
^  mind  them  once  more  that  SPEER 
Graphite  Anodes  cannot  warp,  fuse,  blow 
out  or  soften,  and  do  help  keep  tubes  gas- 
free  by  absorbing  gases  given  off  by  other 
tube  elements. 

Why  accept  less  when  you  can  have  ALL 
these  advantages  simply  by  using  tubes 
with  SPEER  Anodes?  A  list  of  such  tubes 
and  Anode  Booklet  No.  70  will  be  mailed 
promptly  on  request. 


SPEER  CARBON  COMPANY 


ST.  MARYS,  PA.  CHICAGO  Cleveland  Detroit  Milwaukee  new  york  Pittsburgh 
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It  may  be  proven  that  the  re¬ 
sistance  Ri  which  represents  the  total 
losses  of  a  given  short  wave  therapy 
machine  with  no  objects  between  the 
electrodes,  is  with  great  accuracy  in¬ 
dependent  of  the  position  of  the  elec¬ 
trodes,  if  the  distance  of  the  unloaded 
electrodes  does  not  go  beyond  a  certain 
lower  limit,  which  practically  never 
will  be  reached  under  working 
conditions.  Considering  this  and  the 
assumption  that  we  maintain  the 
exciting  primary  voltage  and  the  res¬ 
onant  voltage  Cl  constant,  the  re¬ 
sistance  Rj  is  given  as  a  pure  function 
of  the  resonant  voltage  Ci. 


TAP  SWITCHES 


New  efficiency  for  high 
current  circuit  switch¬ 
ing.  All-enclosed  cer¬ 
amic  construction ;  sil- 
ver-to-silver  contaas ; 
slow -break  ;  quick- 
make  action ;  4  sizes 
from  10  to  7$  am¬ 
peres;  240  volts  A.C. 


V  tlreous-EnameleJ 

RESISTORS 


T  I  m  e-proved,  trouble- 
free  performance.  Fixed, 
Adjustable  and  Tapped 
—  Regular,  Non-Induc¬ 
tive,  Corrib  and  other 
types,  in  a  wide  range 
of  sizes  and  values. 


Prectston 

RESISTORS 


BROWN  DEVILS 


High  quality,  small 
siM,  extra  sturdy, 
wire-wound,  vitreous- 
enameled  resistors  for 


High  quality  Rite- 
ohms”  —  1  watt,  1% 
accurate.  Non-Induc¬ 
tive,  pie-wound  Her¬ 
metically  -  Glass-Sealed 
o  r  Vacuum  Impreg¬ 
nated;  or  single-layer 
wound  Vitreous  Enam¬ 
eled.  Wide  range  of 
resistances. 


voltage  dropping,  bias 
units,  bleeders,  etc.  10 


and  20  watt  sizes ;  1 
to  100,000  ohms. 
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The  schematic  diagram  of  the  cir¬ 
cuit  indicating  the  power  absorption  in 
the  body  by  a  direct  reading  on  a  linear 
scale  is  given  in  Fig.  3.  The  voltage  E 
across  the  circuit  is  measured  by  a 
thermocouple  Th  which  is  coupled  by 
small  condensers  C'  to  the  circuit.  The 
thermocouple  produces  a  current  in  the 
galvanometer  G  proportional  to  the 
square  of  the  voltage  E.  As  the  deflec¬ 
tion  of  the  galvanometer  is  proportional 
to  the  current  flowing  through  the 
moving  coil  and  to  the  sensitivity  of 
the  system,  the  instrument  will  read 
values  proportional  to  the  absorbed 
power,  if  we  adjust  the  sensitivity  of 
the  meter  so  that  it  will  be  propor¬ 
tional  to  the  reciprocal  of  the  equiva¬ 
lent  parallel  resistance  Rj.  This  is  car¬ 
ried  out  in  the  simplest  way  by 
shunting  the  meter  by  a  calibrated 
resistance  ft.h.  The  dial  of  this  re¬ 
sistance  is  calibrated  in  such  a  manner 
that  when  setting  the  dial  to  the 
corresponding  reading  as  indicated  by 
the  resonant  voltage  Ci  the  correct 
sensitivity  is  obtained  to  convert  the 
galvanometer  into  a  direct  reading 
wattmeter.  The  average  accuracy  of 
the  instrument  is  about  3-5  per  cent, 
regardless  of  the  position  and  size  of 
the  electrodes. 


FI9.  3 — Measuring  circuit  to  chock 
output  power 

Since  the  equivalent  patient  re¬ 
sistance  is  known,  it  is  only  necessary 
to  measure  the  voltage  E  across  the 
circuit  under  working  conditions,  to 
obtain  the  absorbed  power  as  given  by 
the  equation 


. 
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WHAT  USERS  SAY:  Owners  of 

50kw  transmitters  are  enthusiastic  about  the 
performance  they’re  getting  from  Western 
Electric  100  kilowatt  tubes.  They’ll  tell 
you  that  298A’8  give  the  greatest  value  per 
kilowatt  of  output  of  any  tubes  now  in 
service!  Here’s  why: 


1.  Brazed  copper  water  jacket  is  a  permanent 
part  of  the  tube. 

2.  Heavy  copper  grid  lead-in  and  6up|>ort  allows 
safe  operation  at  higher  frequencies  than  are 
possible  with  other  tubes  of  cumi»arable  ratings. 

3.  Double-ended  construction,  along  with  new 
tube  mounting,  facilitates  quick  changes. 

4*  Jeweled  expansion  bearings  give  long  mechani¬ 
cal  life. 

5*  Grid  made  of  tantalum  laterals  welded  to  six 
heavy  conducting  siqqmrts. 

6*  Cop{>er  to  glass  seals  used  for  all  lead-ins  per¬ 
mit  operation  without  cooling  air  streams. 

7«  Exact  filament  voltages  supplied  for  the  rated 
emission  in  tube  booklet  to  encourage  maxi¬ 
mum  tube  economy. 

8a  Filament  tension  spring  located  in  the  c<M>lest 
portion  of  the  tube. 

9#  Extra  large,  pure  tungsten  filament  assures  long 
burnout  life  and  low  tube  hour  costs. 

10.  Flexible  filament  leads. 


Nominal  FilomoM  Voltogo . 37  volti 

Avoros*  Filamont  Currant  ....  225  omparai 
Avoroga  Filomanl  Emiuion  ...  35  omporai 

Amplification  Factor . ......32 

Avoraga  Plato  Rotiitanco  at 

18,000  V.  and  —250  v.  bias  . . .  1,450  ohmi 

Trantconductonco .  22,000  micromhot 

Normal  Wator  Cooling  Flow  ,  35  gals,  par  min. 
Maximum  Plato  Diuipation  ....  100  kw. 

Maximum  Plata  Voltaga . 20  kv. 

Maximum  Plato  Currant . II  amporos 

Approximato  Intor-Elactroda  Capacitios; 

Plato  to  Grid . 48  mmf. 

Plato  to  Filomant . 10  mmf. 

Grid  to  Filamont . 31  mmf. 


DISTRIBUTORS:  Graybar  Electric  Company,  Graybar  Building,  New 
York,  New  York.  In  Canada  and  Newfoundland:  Northern  Electric 
Co.,  Ltd.  In  other  countries:  International  Standard  Electric  (k>rp. 


Western  Electric 

RADIO  TELEPHONE  BROADCASTING  EQUIPMEN 
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lightningAcores 

DIRECT  (hit... 

BUT  this  protector  did  its 


!  ^ 
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Some  results  of  a  long  series  of 
measurements  are  reproduced  as  they 
were  carried  out  with  the  described 
instrument  as  shown  on  page  54.* 


Bibliography: 

‘  Mittelmann,  E.  Dosimetry  in  short  wave 
therapy,  ArcMces  of  Phyaical  Therapy, 
Chicago.  Vol.  XVIII,  1»37.  pp.  613-099. 
Mittelmann,  B. :  Die  MesMun;;  der  Hoch- 
frequencleistunR  bei  Kurzwelientberapiesen- 
dern ;  Elektrotechnik  und  Maachinenbau, 
Vol.  LV.  1937,  copy  38. 

*  Mittelmann,  E.  and  Kobak,  D.  Dosage 
meaHurement  in  short  wave  Diathermy, 
Arcfclfes  of  Phyaical  Therapy,  Chicago.  Vol. 
XIX,  1938,  pp.  725-730. 


Investigating  Insulation  Value 
of  Molecular  Films 

Investigating  the  properties  of  films 
of  molecular  thickness  has  revealed  the 
fact  that  ordinary  materials  may  pos¬ 
sess  unusual  dielectric  properties  in 
such  thin  sections.  One  fact  revealed 
by  this  work,  now  being  carried  out  in 
the  General  Electric  Research  Labora¬ 
tories,  has  shown  that  such  organic 
compounds  as  barium  stearate  have 
unsuspected  dielectric  strength,  and 
dielectric  constant. 


GUkbar  Brand  Typ^  B  ReaUtor 
wUh  ends^  one  end 

mtdU'-pointed,  ymgative  voliagm 
ckaracterUtic,  In  the  meter  pro^ 
lector,  three  of  theee  reeutorg 
are  located  below  a  non-arcing 
metal  plate. 


,  .--troved  this  U  i  * 

A  "r.ct  Ur 

valuable  U  t  ^  protector 

rious  to  at  this  particular 

“Sn'l^-se  of  lU^tnin. 


Globar  solves  resistor  problem  on  new 
M  &  IV  Watt-Hour  Meter  Protector 


Globar  Brand  Ceramic  Resistors  are 
an  important  part  of  the  new  watt- 
hour  meter  protector  recen^  intro¬ 
duced  by  The  M  &  W  Electric 
Manufacturing  Co.,  Inc.  Working 
with  the  designers  of  this  device, 
Globar  engineers  were  able  to  pro¬ 
duce  a  special  resistor  to  meet  the 


many  exacting  reouirements  neces¬ 
sary  for  efficient,  aependable  opera¬ 
tion.  As  the  result  of  this  coopera¬ 
tion,  the  manufacturer  soon  found 
his  resistor  problem  was  no  problem 
at  all!  Perhaps  you,  too,  can  benefit 
from  the  same  nelpful  Globar  serv¬ 
ice.  Let  us  know  about  your  problem. 


GLOBAR  DIVISION 

THE  CARBORUNDUM  COMPANY,  NIAGARA  FALLS,  N.  Y. 

KCO.  U.t.PAT.  OFF. 

Sales  Offices  snil  Warehouses  in  New  York.  Chicago.  Philadelphia,  Detroit.  Cleveland,  Boston, 

Pittsburgh,  Cincinaati,  Grand  Kapids 

(Carboi undnm  and  Globar  are  ragistered  trade-marks  of  The  Carborundum  Company) 


Film  thickncis  gouqs  using  mercury 
•lectrodsB 

Since  the  capacitance  displayed  by 
two  plates  depends  inversely  on  the 
thickness  of  dielectric  between  them,  it 
follows  that  very  high  capacity  is  as- 
1  sociated  with  molecular  films.  In  order 
1  to  obtain  capacitances  for  measurement 
t  which  have  values  within  the  usual 
.  ranges  of  measuring  equipment,  it  is 
necessary  to  use  a  very  small  area  of 
film.  Actually  the  area  in  typical  cases 
is  only  0.003  square  inch.  A  mercury 
point  electrode  is  used  to  establish  con- 
.  tact  with  the  film  over  this  small  area. 
By  measuring  the  capacitance  between 
the  electrode  and  the  base  plate,  it  is 
possible  to  calculate  the  thickness  of 
,  the  layer  within  an  accuracy  of  two 
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Correct  use  of  dependable 


^  Costly  work  interruptions  and  equipment  repoirs 

are  the  penalties  of  infrequent  or  inadequate 
testing  of  motor  driven  equipment 


if  Costly  rejects  and  impaired  product  quality  are  the 

price  of  inadequate  testing  along  the  electrical 
assembly  and  inspection  lines. 


if  Excessive  service  costs  and  customer  dissatis- 
foction  result  when  inadequate  instruments  are 
“built-in.” 


With  sudden  demand  straining  production  fa¬ 
cilities,  the  methods  used  for  “getting  by”  in 
leaner  days  quickly  break  down  . . .  invariably 
turn  into  expensive  bottlenecks. 


WESTON  Maintciiaiit*  . . .  compact, 

rugged,  inexpen»ive.  Large,  easily  read  scales 
facilitate  maintenance  testing. 


WESTON  MwlH*p«rpota  ImtrumMts  . . .  ideal  for  use . 
in  assembly  and  inspection  .  .  .  available  as 
volt>ohmmeters  . . .  volt*nhm-milliammeters  . . . 
and  other  combinations. 


Right  now  is  the  time  to  check  your  instrumen¬ 
tation  .  .  .  make  sure  it  is  adequate  for  today's 
needs  and  any  sudden  impact  which  may  come. 
Call  in  the  Weston  instrument  specialist  in 
your  vicinity.  His  counsel  on  instrument  selec¬ 
tion  and  use  will  make  for  greater  simplicity  in 
assembly,  lower  service  costs,  and  enable  you  to 
maintain  your  equipment  at  the  highest  avail¬ 
ability  and  efficiency.  Weston  Electrical  Instru¬ 
ment  Corporation,  618  Frelinghuysen  Avenue, 
Newark,  New  Jersey. 


Weston 

Insfrumenti 


WESTON  ^nal  liutnuwiiH  .  .  .  available  in  sizes, 
•hapes  and  ranges  to  meet  all  panel  and  **built* 
in"  requirements. 


instruments  eliminates  work 
interruptions . . .  costly  main¬ 
tenance  ...  in  the  busy  shop 
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molecules.  At  present  the  investigations 
are  in  the  realm  of  pure  science,  al¬ 
though  such  useful  application  as  the 
recently  announced  “glareless”  glass 
have  already  resulted  from  it. 


Oscillator  used  for  Coil 
Testing 

A  NEW  COIL  TESTER  which  makes  use 
of  a  high  frequency  oscillator  to 
develop  high  voltage  between  the 
turns  of  a  coil  to  be  tested  has  been 
developed  in  the  General  Electric 
research  laboratories.  A  standard 
vacuum-tube  oscillator,  fed  from  a  rec¬ 
tifier  power  supply  from  110  volts  a-c 
source  is  used  to  excite  a  laminated 
iron  core,  made  of  special  high  fre¬ 
quency  material.  On  either  side  of  the 
winding  small  detector  coils  are 
mounted  and  connected  in  a  v-t  volt¬ 
meter  bridge  circuit.  The  voltages  in¬ 
duced  in  the  detector  coils  are  balanced, 
normally,  and  the  v-t  voltmeter  reads 
zero.  However,  if  the  excited  unit 
succeeds  in  breaking  down  the  insula¬ 
tion  in  the  coil  under  test,  the  flux 
through  the  nearest  detector  coil  is 
reduced,  the  bridge  balance  disturbed, 
and  the  v-t  voltmeter  indicates.  The 
whole  unit  is  mounted  in  a  steel  case 
fitted  with  interlocks,  and  an  observa¬ 
tion  window  is  provided  for  inspecting 
the  coils  during  test.  Several  hundred 
coils  per  hour  may  be  tested  with  the 
equipment. 


It  was  th*  dHRcalt  cas*  of  or  •xtrcmaly  thin  gang*  laminated 
insniatien  wh*r*  di*l*etrie  strength  had  to  be  greater  than  normal 
withent  sacrificing  physical  strength.  Insnlation  headqnarters  was 
brenght  into  the  pictnr*  and  Continental-Diamond's  engineers  went 
to  work.  It  took  a  thorough  knowledge  of  all  insniating  materials 
and  many  experiments  to  solve  the  problem  involved,  tnt  the 
solntion  was  found  and  thereby  another  satisfied  enstomer  obtained. 
In  ear  hundreds  of  formula*  w*  may  have  exactly  the  right  on*  to 
prodne*  an  insnlation  that  will  improve  your  product's  performance 
or  reduce  production  costs.  If  we  haven't,  w*  know  it  can  be 
developed  her*.  Write,  telling  us  how  we  can  serve  you  best. 


COORDINATING  FIRE 
PREVENTION 


Newark,  Dalawara 

Rtprfnfd  In  Canada  by  DIAMOND  STATE  FIBRE  CO.  OP  AMERICA.  LTD.,  TORONTO 


Fir*  Chiefs  from  various  ports  of 
the  notion  gathered  ot  local  oma- 
tenr  stations  to  partietpat*  in  an 
organised  attempt  to  co-ordinate  fir* 
prevention  activities  via  radio.  Ama¬ 
teur  operotors  in  Colorado,  Cali¬ 
fornio.  Missouri,  Toxos  and  on*  sta¬ 
tion  in  Peru  had  locol  fir*  execu¬ 
tives  on  hand.  Above,  Vniliam  H. 
Gardner,  Chief  of  Konsas  City 
Underwriters  Fir*  Potrol  is  answer¬ 
ing  questions  put  to  him  by  the 
Denver  fir*  chief,  in  the  stotion  of 
James  Blair 
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m  MICABOND  ,  1 

1  A  laminated  plastic,  commonly  known  as  m 

m  Thin  splittings  of  mica  bonded  togr»th^r  with  1 

\  phenol  fibre,  mode  in  sheets,  rods  end  tubes  m 

F  ^  specially  developed  bmd^'s  ir'to  i*ondord  1 

1  high  electrical  insulotion  properties,  great 

plotes,  tubing  or  m  formed  rings,  punc^'ed  1 

1  resistonce  to  woter,  procticoHy  unoffected 

and  sowed  segments  or  other  spy>ciai  ports  1 

1  ‘  by  oil  or  mild  ocids.  It  is  a  strong,  tough  mo- 

Micobond  hos  high  d'e'»‘C*'^'C  ttfengrh  ,s  1 

1  terial  with  a  wide  application  for  use  In  con- 

pfoctfcolly  unoffect.'d  by  acids  Ki^h  1 

1  nection  with  modern  e’cctricol  appliances.  i 

V  heot  ond 'moisture  »**s  »*onfe  -s  readi'v  1 

■  punched,  sowed  or  formed  1 

1  DIAMOND  J 

1  ^  1 

1  VULCANIZED  FIBRE  I 

0m  CELLULAK  1 

1  A  tough,  ecohomicol,  insulating  moteriol  ^ 

A  :ofr:no*ed  form  ,nsulotinq  rut'^Q  1 

1  mode  in  standord  sheets,  rods  and  tubes. 

0'".vse«.sing  extremely  high  d,'  V  ’r  -'  prci-er  j 

1  Can  be  readUy  fobneated  or  formed  A 

K  *.es  ond  morked  re  istcncc  to  pver.  j 

1  *  mo^fenal  of  countless  opplicotions.  , 

1  VULCOID  i 

r  ^  CELORON  1 

1  -  A  thermo-plastic,  non-hyqroscopic  insulating  * 

A  phenolic  molded  fobric  bosr*  rrcteriol  of  1 

1  mo’erial  made  in  stondard  sheets,  rods  and 

exceptiOTTol  mechonicol  strength  ye»  e  ttfemely  1 

1  ^  tubes  It  is*  strong  ond  tough,  has  good 

light  in  weight  Car^  be  molded  to  any  dn-  1 

1  e^ectncol  msuloting  properties  and  IS  reodily. 

K  sired  shape  and  contour  to  replcc**  irtncote  1 

1  tobricoted. 

m  metol  and  msulot.on  ossr-mbhr-s  Write  for  1 

■  CEIORON  Bullot.n  1 

the  Kieuf 


TYPE  SS  lA 


TYPE  SS  3 


TYPE  SS  3A 


Atl  illustrations  are  actual  size. 


4^ 


•  Engineers  concerned  with  design  problems 
where  low  cost  and  space  savings  are  factors 
will  find  that  these  compact  inexpensive 
switches  fit  in  exactly  with  their  plans.  The 
four  types  illustrated  here  have  innumberable 
applications  for  handling  small  power  circuits. 


TYPE  SS-I  is  a  single  pole  throw  switch  with  Underwriters’ 
Approval  for  .75  amp.  125  volts.  May  also  be  supplied  with  three 
terminals  as  a  single  pole  double  throw  switch  which  is  not 
approved  by  the  Underwriters’.  This  is  known  as  Type  SS-2. 
These  types  suggest  the  following  uses: 

Two-position  tone  control;  Sensitivity  control;  Change-over  switch 
for  AC-DC  sets;  Line  switch  for  small  sets;  Small  motor  control; 
Tap  switch  for  power  transformer;  Dome  light  switch  for  auto¬ 
mobiles;  Defroster  motor  switch;  Heater-blower  switch  for  auto¬ 
mobile  use;  High-low  speed  switch  for  small  motors;  Battery  drain 
control  switch  for  battery  sets;  Pilot  light  switch  for  battery  sets. 
lY’PE  SS-lA  is  identical  with  SS-1  except  it  has  a  snap-on  shield 
approved  by  the  Underwriters’  as  a  terminal  enclosure. 

TY’PE  SS-3  is  a  double  pole  double  throw  switch  which  suggests 
itself  for  the  following  uses: 

Change-over  switch  for  battery- 110  volt  sets;  Band  change  switch; 
Phono-radio  switch;  and  many  other  uses.  May  be  supplied  as  a 
double  pole  single  throw  switch  known  as  Type  SS-4. 

TYTE  SS-3A  is  identical  with  SS-3  except  has  a  snap-on  terminal 
enclosure. 

WRITE  FOR  SAMPLES  AND  PRICES 


FIXED  RESISTORS  STACKPOLE  CARBON  COMPANY  VOLUME  CONTROLS 


SWITCHES 


ST.  MARYS,  PENNA.,  U.S.A. 

These  products  <ire  sold  only  to  inanul.u  turers  of  oiicpn.tl  equij-rnent. 


TONE  CONTROLS 
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Tubes... 

a  new  department 

news  of  recently  issued  tube  types,  their  character¬ 
istics  and  special  fields  of  use,  including  a  month- 
by-month  registry  of  new  tube  types  compiled  by  the 
R.M.A.  Data  Bureau 


Graphic  Aid  for  the  Design 
of  Degenerative  Amplifiers. 

Since  the  use  of  feedback  amplifiers 
has  become  rather  widespread,  an  en¬ 
gineer  may  occasionally  wish  to  know 
quickly  and  easily  what  performance 
to  expect  from  a  particular  ampli¬ 
fying  system  when  it  is  degenerated. 
We  are  indebted  to  Hygrade  Sylvania 
Corp.,  Emporium,  Pa.  for  the  follow¬ 
ing  graphic  aid  in  determining  the 
performance  of  degenerative  amp¬ 
lifiers. 

It  can  be  shown  that  if: 

A  =  the  voltage  amplification  of  a 
system  in  the  absence  of  feed  back 
K  =  that  fraction  of  the  output 
voltage  which  is  fed  back 

A'  =  the  voltage  amplification  in 
the  presence  of  feedback 


When  the  sign  of  K  is  positive  then 


the  feedback  voltage  is  in  phase-opposi¬ 
tion  to  the  signal  voltage. 

Also  it  can  be  shown  that  if: 

D  =  the  distortion  of  the  system 
in  absence  of  feedback 
K  =  same  as  above 
D'  =  the  distortion  in  the  presence 
of  feedback 

It  is  thus  seen  that  gain  and  distortion 
in  the  presence  of  feedback  are  sim¬ 
ilarly  related  respectively  to  gain  and 
distortion  in  its  absence.  Thus  a 
graph,  in  which  the  normal  amplifica¬ 
tion  of  a  system  is  taken  as  abscissa 
and  the  ordinates  represent  amplica¬ 
tion  with  feedback,  can  likewise  and 
simultaneously  represent  the  distor¬ 
tion  content  of  the  system  in  the  ab¬ 
sence  of  feedback  as  abscissa  and  the 
distortion  content  with  feedback  as 
ordinates. 

Figure  1  is  a  family  of  calculated 
curves  of  just  such  a  graph,  wherein 


rig.  1  Effect  of  dogonorotion  on  ompllfior  gain.  K  roprosants  the  i>orcontago 
of  the  output  which  is  fod  bock  to  tho  input  of  tho  systom 


K  is  made  to  vary  from  0.01  to  0.95 
(or  from  1  per  cent  to  96  per  cent)  of 
the  output  voltage  of  the  system.  The 
area  to  the  left  of  the  45  degree  line 
(K  =  0)  represents  a  state  of  re¬ 
generation  or  oscillation,  while  that 
to  the  right  represents  a  condition  of 
degeneration.  It  will  be  immediately 
obvious  that  each  of  the  curves  is 
asymptotic  to  some  value.  This  results 
because  of  the  increased  value  of  the 
“Feedback  Factor”,  KA,  which  is  a 
product  of  the  normal  amplifier  gain 
and  the  fraction  of  the  output  voltage 
which  is  fed  back.  Otherwise  stated 
(for  the  case  of  degeneration),  it  is 
because  the  actual  signal  voltage  is 
the  comparatively  small  difference  be¬ 
tween  two  large  out-of-phase  voltages. 
Furthermore,  it  follows  that  a  given 
per  cent  of  feedback  has  a  very  much 
larger  effect  upon  the  gain  of  a  high- 
gain  amplifying  system  than  upon 
one  of  low  gain. 

For  power  considerations,  since  the 
power  into  any  load  equals  the  square 
of  the  voltage  developed  across  its  re¬ 
sistive  component  divided  by  that  re¬ 
sistance  value,  it  follows  that  the  power 
of  a  degenerated  system  is  related  to 
its  undegenerated  power  level  by  the 
expression  (A’ /A)*  provided  the  loads 
are  equal  and  resistive. 

In  an  experimental  set-up  to  provide 
illustrative  data  on  degenerated  ampli¬ 
fiers  which  would  show  their  asymp¬ 
totic  gain  properties,  two  resistance 
coupled  stages  were  set  up  and  ad¬ 
justed  with  the  aid  of  an  oscillograph 
to  operate  over  straight  dynamic  char¬ 
acteristic  curves.  Suitable  switching 
allowed  a  selected  per  cent  of  degener¬ 
ation  over  either  one  or  two  stages. 
Tabulated  below  are  the  measured 
gains  of  this  set-up: 

Normal  For  Cont  Dogonorotod 

Voltago  Gaia  Dogonoratod  Voltage  Gain 
13  11.5  5.2 

700  12  8.2 

An  inspection  of  the  family  of  curves 
will  demonstrate  at  once  the  effect 
upon  a  high  gain  system  of  even  a 
small  amount  of  common-impedance 
coupling  between  stages,  resulting  in 
seriously  impaired  amplification  and, 
in  case  of  in-phase  coupling,  a  condi¬ 
tion  of  instability.  The  importance  of 
eliminating  such  coupling  elements  is 
thus  immediately  evident. 

•  •  • 

Ratings  Increased  for  RCA 
Transmitting  Tubes 

An  entirely  new  system  of  ratings 
for  air-cooled  transmitting  tubes  has 
been  announced  by  RCA  Manufactur¬ 
ing  Company,  Inc.,  of  Harrison,  N.  J. 
Instead  of  one  set  of  maximum  ratings 
for  each  tube  type,  two  sets  of  maxi¬ 
mum  ratings  are  given.  These  ratings 
are  desigpiated  “Continuous  Commer¬ 
cial  Service”  (CCS)  and  “Intermit¬ 
tent  Commercial  &  Amateur  Service” 
(ICAS). 
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boon  a  new  and  greatly  improved 
line  of  AmerTran  transformer  and 
reactor  components  for  service  in 
electronic  circuits  will  be  made  avail¬ 
able  to  users  of  precision  equipment. 
Two  years  of  intensive  research  work 
have  been  completed,  standard  de> 
signs  have  been  thoroughly  tested, 
manufacturing  tools  have  been  requi¬ 
sitioned,  and  now,  actual  production 
of  standard  units  is  being  planned. 


•  AmarTran'i  n«w  laminatad,  bimatallic  shiald  offars  tha  most,  affactiva 
alactromagnatic  shialding  thus  far  davalopad  for  audio-fraquancy  trans- 
formars  and  raactors.  It  comprisas  fiva  talascoping  shialds  and  covars  of 
staal  alloy  and  coppar  which  complataly  surround  tha  cora-and-coil 
assambly  insida  tha  ragular  casa. 


New  AmerTran  electronic  components,  Types  PR  and  PS,  will 
offer  equipment  of  distinctly  higher  quality  than  standard 
transformers  previously  available.  Ratings  will  be  listed  for 
^  -  ^  every  usual  requirement  and  all  units  will  be 

mounted  in  reversible  cases  and  symmetrical 
^  j!^~'  design.  Audio  types  will  be  supplied  either 

with  or  without  AmerTran's  new  laminated, 
bimetallic,  electromagnetic  shield.  Similar  equlp- 
ment  In  special  ratings  will  also  be  manufactured 
iSra  to  order. 


Be  one  of  the  first  to  receive  complete  details 
of  this  new  line  which  represents  an  Improvement 
on  AmerTran's  famous  "DeLuxe"  and  "Precision" 
components.  Send  In  your  name  for  a  descrip¬ 
tive  bulletin  with  prices  which  will  be  mailed  as 
soon  as  It  Is  received  from  the  printer. 


•  AmarTran  trantformart  and  raactors,  Typat  PR  and  PS,  of  all  ratings 
will  ba  mountad  in  similar  symmatrical  casas  of  tha  ravarsibla  typa  which 
parmit  tha  assambly  of  naatly  balancad  apparatus  in  a  thoroughly  pro- 
fasslonal  mannar  with  aithar  aiposad  or  concaalad  wiring. 


Manufactured 

Since  1901 

at  Newark,  N.  J. 
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• '  Line 


A — UNEAB  STANDARD  Components  hcrvo 
a  guarontood  flat  iroquoncy  response 
Irom  30  to  20.000  cycles  with  maximum 
shieldinq  and  low  insertion  loss. 


B — ULTRA-COMPACT  Transformers  .weigh 
only  5V4  ounces,  and  afford  uniform  re¬ 
sponse  irom  30  to  20,000  cycles  .  .  . 
Ideal  for  remote  pick-up  service. 

C — VARIMATCH  Transformers  are  the  per¬ 
fect  solution  to  the  wide  range  of  im¬ 
pedance  matching  combinations  en- 
rauntered  in  amateur  drive:  modula¬ 
tion,  and  cathode  modulation  service. 


D— UTC  SPECIAL  SERIES  Transformers  are 
attractive  units  representing  unprece¬ 
dented  valves  .  .  .  every  item  designed 
specifically  for  the  amateur. 


E— HIPERM  ALLOY  UNITS  are  in  high 
conductivity  drawn  cases.  They  have 
uniform  30  to  20,000  cycles  response 
with  medium  weight  and  else. 

F — OUNCER  Transformers,  as  their  name 
would  imply,  weigh  approximately  one 
ounce,  and  represent  the  acme  in  trans¬ 
former  development  for  concealed  serv¬ 
ice,  hearing  aids,  etc. 

6— PA  POWER  COMPONENTS  ore  de¬ 
signed  to  commercial  and  A.I.E.E.  stand¬ 
ards.  They  are  rugged,  dependable 
units  suitable  for  every  type  of  com¬ 
mercial  and  amateur  service. 

H — UTC  KITS  are  available  for  a  wide 
range  of  PA  and  transmitter  applica¬ 
tions.  Complete  modulotor  kits  are  avail¬ 
able  for  Cathode  Modulation. 


The  CCS  ratings  are  essentially  the 
same  as  the  former  maximum  ratings. 
The  ICAS  ratings,  however,  are  con¬ 
siderably  higher,  permit  the  use  of 
much  greater  power  input,  and  pro¬ 
vide  a  relatively  large  increase  in  use¬ 
ful  power  output.  For  example,  the  a-f 
power  output  of  two  809s  in  class  B 
is  100  watts  at  the  old  maximum  plate- 
voltage  rating  of  760  volts.  At  the  new 
ICAS  rating  of  1000  volts,  the  power 
output  is  145  watts,  an  increase  of  45 
per  cent.  In  plate-modulated  telephony 
service,  the  r-f  output  of  the  809  is  38 
watts  with  the  CCS  ratings  and  66 
watts  with  the  new  ICAS  ratings,  also 
an  increase  of  about  45  per  cent.  Com¬ 
plete  operating  data,  including  both 
CCS  and  ICAS  ratings,  have  been  pre¬ 
pared  for  types  802,  804,  806,  807,  809, 
810  and  814,  as  well  as  for  the  new 
811,  812,  and  828,  and  can  be  obtained 
on  request. 

The  new  system  provides  transmit- 
ting-tube  ratings  which  recognize  the 
diversified  design  requirements  of 
modem  transmitter  applications.  For 
example,  there  are  numerous  appli¬ 
cations  where  the  design  factors  of 
minimum  size,  light  weight,  low  ini¬ 
tial  cost,  and  maximum  power  output 
are  far  more  important  than  ex¬ 
tremely  long  tube  life.  In  such  cases, 
the  set  designer  may  very  properly 
decide  that  a  small  tube  operated  with 
ICAS  ratings  better  meets  his  re¬ 
quirements  than  a  larger  tube  oper¬ 
ated  with  CCS  ratings. 

It  is  self-evident,  of  course,  that  the 
harder  a  tube  is  worked  the  shorter 
will  be  its  useful  life.  Although  no 
rule  can  be  set  up  which  will  ac¬ 
curately  predict  the  life  performance 
of  an  individual  tube  under  specified 
operating  conditions,  it  is  practical  to 
make  an  estimate  of  tube  life  on  the 
basis  of  average  results  from  a  large 
number  of  tubes.  In  average  amateur 
service,  a  tube  operated  at  the  higher 
ratings  can  normally  be  expected  to 
give  about  60  per  cent  of  the  life 
obtainable  with  CCS  ratings. 

It  has  been  estimated  that  an  active 
amateur  does  not  have  his  carrier  on 
the  air  more  than  300  hours  per  year. 
Therefore,  a  tube  lasting  1000  to  1600 
hours  when  used  with  CCS  ratings 
would  give  him  at  least  3i  to  6  years 
of  service.  The  amateur,  because  he  is 
usually  most  interested  in  low  initial 
cost  and  maximum  power  oatput,  may 
consequently  decide  that  the  ICAS  rat¬ 
ings  are  better  suited  for  his  purpose. 

The  engineer  designing  a  broadcast 
transmitter  has  quite  a  different  prob¬ 
lem.  A  broadcast  station  may  operate 
tubes  on  an  average  of  18  hours  a  day. 
Tube  failures  are  expensive  both  in 
themselves  and  in  advertising  revenue 
lost  because  of  interrupted  programs. 
Consequently,  since  reliability  is  his 
main  concern,  he  should  operate  tubes 
at  the  CCS  ratings  or  perhaps  even 
lower.  Only  in  this  way  can  he  obtain 
the  long  tube  life  required  for  contin¬ 
uous  commercial  services. 

In  view  of  the  fact  that  the  ICAS 
ratings  are  considerably  higher  than 
the  former  maximum  ratings,  an  ex- 


mnirn 


Write:  ENGINEERING  DIV. 


iXSOKT  DIVISION:  100  VARICK  STREET  NEW  YORK,  N 


CARLES:  “ARLAI' 
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CUT  POWER  LOSSES 
ill  yiiiir  H.  F.  Circuits 

frith  Itakvliti*  M^itli/stifrrne  M^iasties 


l^«4i«lhnNi|eh  f«»r  NutHinnl  Inc.  ullr»>hi||h-frtN|iirtirv  rrrrivrr* 

molildl  from  H«kclilr  l*(iKs|%rrDt*  b>  llir  I  htmm^  Mancm  CUl,  Inc. 

TI 1  H  a  power  factor  an<I  di-  ])ower  fac'lor  of  less  than  .()()02,aiid  a 

electric  constant  superior  to  dielectric  constant  of  2.60  at  fre- 

any  other  organic  plastic  inateriaU  (piencies  from  ()0  to  1,000,000  cycles. 
Bakelite Polystyrene  offers  vast  new  Its  stable  electrical  properties  and 

possibilities  for  the  improveinent  of  exceptional  moisture  resistance  pro- 
hijih  fre<picncy  circuits!  vide  dielectric  characteristics  that 

Radio  and  television  parts  of  ac-  remain  constant  even  at  varyinjj 
curate  dimensions  may  be  com-  temperatures. 

pletcly  formed  from  this  low-loss  Invcstifiate  the  important  impli- 

dielectric  through  a  comparatively  cations  of  Bakelite  Polystyrene 

simple  molding  process.  Capaci-  plastics  for  your  high-frequency  ap- 

tors  and  splices  may  he  built  fur  paratus  and  equipment.  Enlist  the 

minimum  loss  and  maximum  effi-  cooperation  of  our  Research  and 

ciency  with  Bakelite  Polystyrene  Development  Laboratories  on  spe- 

Film  — a  new  sheet  form  in  which  cific  problems.  Write  for  detailed 

this  material  also  is  available.  Reference  Bulletin  13  describing 

Bakelite  Polystyrene  offers  a  Bakelite  Polystyrene  plastics. 
BAKELITE  C  ()  U  IH)  K  ATI  (>  N,  217  PARK  AVENUE,  NEW  YORK,  N.Y. 

Chicafo:  43  Eatl  Ohio  Sirrrt  .  •  •  •  Rakrlile  Corporalion  of  Canada,  Ltd.,  163  DufTfrin  Street,  Toronto,  Ont. 

I7e«i  Cooaf:  Electrical  Specialty  Co.,  Inc.,  San  Franciaco,  Los  Angelet  and  Seattle 


PLASTICS  HE ADQ VARTEnS 
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Bakelite  Polvafvrene  coil  form*  are  used  on  all  RCA 
Victor  Tele>*ision  Kerri\er«.  Moldetl  bv  Erie  Ki’^istor 
C4»r]»orati«tn. 


Bakelite  Polystyrene  Film  provides  new  hijEh  efficiency 
in  raflio ra|»arilors.  Sii|>plie«l  in  waler>white  or  purple* 
black  tinL 


Radio  socket  bracket  of  Bakelite  Polystyrene  nsed  in 
National  Co.  ultra  •hi|[h- frequency  reccivera.  The 
Thomas  Mason  Co.,  Inc.,  moldcr. 
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SPECIFIED  BY  OUR  COUNTRY'S 
BIGGEST  MANUFACTURERS 


DRAKE  MANUFACTURING  CO. 

1713  W.  HUBBARD  ST.  •  CHICAGO.  U.S.A. 


planation  of  the  basis  on  which  these 
new  ratings  are  established  is  desir¬ 
able.  The  old  method  of  rating  trans¬ 
mitting  tubes  has  been  based  on  the  as¬ 
sumption  that  tubes  would  always  be 
used  under  the  most  severe  operating 
conditions  possible  for  each  class  of 
service.  Although  it  was  recognized 
that  this  method  was  not  representative 
of  actual  operating  conditions,  it  did 
provide  a  very  large  factor  of  safety. 
In  recent  years,  rapid  progress  in  tube 
design,  tube  manufacture,  transmitter 
design,  and  operating  technique  has 
made  it  practical  to  refine  the  method  i 
of  rating  transmitting  tubes  so  that 
it  more  closely  represents  actual  oper¬ 
ating  requirements. 

For  example,  in  class  C  telegraph 
service,  the  old  ratings  were  set  up 
on  the  basis  of  continuous  key-down  | 
operation.  In  practice,  however,  all 
class  C  stages  which  are  keyed  are  not  I 
under  load  when  the  key  is  up,  as  it 
is  during  spacing  intervals.  The  aver¬ 
age  load  on  the  tube  is,  of  course, 
much  less  than  it  is  under  steady  key- 
down  conditions. 

In  class  C  plate-modulated  telephony 
service,  the  old  ratings  were  based  on 
steady,  100  per  cent,  sine-wave  modu¬ 
lation.  Under  this  condition,  the  total 
plate  input  (dc  and  ac)  is  1.5  times 
the  unmodulated  d-c  plate  input.  In 
practice,  a  broadcast  transmitter  (for 
example)  modulates  its  carrier  on  the 
average  only  25  to  30  per  cent.  Under 
these  conditions,  the  average  plate 
power  input  is  only  5  per  cent  higher 
than  the  unmodulated  d-c  plate  input. 

Similarly,  the  old  class  B  a-f  ampli¬ 
fier  ratings  were  based  on  steady,  full- 
signal  operating  conditions  with  a 
sine-wave  signal.  Actually,  the  aver¬ 
age  signal  is  much  smaller  than  the 
maximum  value  and  the  average  d-c 
plate  current  and  power  input  varies 
continuously  between  no-signal  and 
full-signal  values.  In  addition,  it  is 
well  known  that  speech  signals  place 
a  much  lighter  load  on  the  class  B 
amplifier  than  signals  having  sinusoidal 
waveform. 

It  is  apparent  from  the  foregoing 
considerations  that  increased  trans- 
mitting-tube  ratings  are  practical  for 
many  applications.  The  new  ICAS 
ratings,  together  with  the  CCS  ratings, 
make  it  possible  for  the  radio  amateur 
and  the  radio  engineer  to  choose  the 
operating  conditions  best  suited  for  the 
job  at  hand. 


ALLIED  RELAYS 


Typ*  P.C.l — 2S00  Ohms — lay^r  wound  coil 
— condoncor  papor  bolwoon  layora — ado- 
quatoly  improqnatod — yoke,  armatur*  and 
polo  pioco  mad*  oi  Armco  Iron— OT*r-all 
dim*n«ion*  2  5/IS"  lonq.  IV^**  hlqh,  1V4" 
wid* — d**ign*d  ior  plat*  circuit  oi  vac* 
uum  tub**. 

Typ*  P.C.2 — Similar  to  aboT*  *xc*pt  coil* 
orailabl*  up  to  SOOO  ohms. 

Typ*  P.C.3 — 6  Tolt*  AC;  Typ*  P.C.4 — 110 
volts  AC;  Typ*  P.C.8 — 6  volts  DC;  Typ* 
P.C.7— 12  volts  DC. 

Also  Typ*  D  r*lays  ior  polic*.  air- 
crait,  and  industrial  us*s. 

Numorou*  u**s  os  burglar  alarms,  light 
control,  radio,  cail  systems,  t*t*typ*,  *tc. 
B*caus*  oi  quantity  production,  th*s*  re¬ 
lays  are  sold  at  extremely  attractive 
prices. 

Write  ior  complete  descriptive  literature 
ond  prices. 

ALLIED  CONTROL  CO..  INC. 
227  Faltea  St.  N*w  York  City 

Expert  Osst. : 

Psn  Msr  Cer*.,  1270  Broadway.  Now  York  City 


**Plywood  board  paintod  on  tho 
outtido  with  'Aquadag'  sorvos  to 
shield  tho  back  of  tho  (oloctrical) 
piano*'  reports  F.  D.  Merrill,  Jr.  in 
the  May  1939  issue  of  "Electron¬ 
ics**  -  -  "All  the  inside  cabinet  sur¬ 
faces  of  the  piano  must  be  made 
electrically  conductive  by  painting 
with  a  colloidal  graphite  solution**. 

This  convenient  means  of  obtain¬ 
ing  electrostatic  shielding  also  ex¬ 
tends  to  other  musical  instruments 
such  as  electrical  violins,  guitars, 
and  organs. 

The  homogeneous  and  tenacious 
graphite  films  formed  with  "dag** 
dispersions  are  not  only  easy  to 
apply  but  their  conductivity  is  read¬ 
ily  varied  by  simple  alteration  of 
graphite  content.  Write  for  Tech¬ 
nical  Bulletin  270  giving  details. 

The  »boY«  thould  not  bo  con- 

fidered  •*  roeommonding  tho  us*  of  col¬ 
loidal  graphito  in  violation  of  any  valid 
patonts  which  may  exist. 


Dial  or  Jewel 
PILOT  U(aT  ASSEMBUES 


Shaw  sisiit  alone,  has 
gained  the  enviable  repu¬ 
tation  enjoyed  by  DRAKE 
Pilot  Usht  Aaeombllae. 
Many  of  our  eoentiys 
leading  elactrieal  and 
radio  nianufacturere  and 
many  aiore  cmallor  but 
no  less  particular  buyers 
specify  DRAKE  Products 
continuously,  for  their 
uniform  high  guallty  and 
dependable  p^ormance. 
That's  why,  within  a 
few  years,  DRAKE  has 
become  the  World’s  larg¬ 
est  Exclusive  Makers  of 
Dial  and  Jewel  Pilot 
Light  Assembliasl 
Big  scale,  high  speed 
production  asaures  finest 
uniform  guallty  at  mod¬ 
erate  coot.  If  you  have  a 
pilot  light  problem,  let 
our  competent  engineers 
help  you.  Standard  units 
available  In  many  styles 
and  sizes.  Also  special 
designs. 


A  FEW  LEADING 
USERS 


R.  C.  A.  Mfg.  Co. 

Zenith  Radic  Corp. 
Emerson  Radio  A  Phono. 
Corp. 

Farnsworth  ToL  &  Radio 
Corp. 

E.  H.  Scott  Radio  Lab*. 
Belmont  Radio  Corp. 
Maiastie  Radio  4  Tel. 

Corp. 

Motorola 

Croslay 

General  Electric  Co. 
Western  Electric  C^ 
Detrola  Radio  Corp. 
Colonial  Radio  Cora. 
Spaiiu-Withington  Co. 
Bondix  Radio  Corp. 
Magnavox  Co. 
Curtise-Wriaht  Cor*. 
Loefcheod  Air-Cratt  Lina* 
Tele-Type  Corp. 

Weston  Elec.  Instr.  Corp. 
Western  Union  Tol.  Co. 
U.  S.  Navy 


Tube  Registry 


COLLOIDS  CORPORATION 

PORT  HURON,  MICH. 


Tube  Types  Registered  by  R.M.A.  Data 
Bureau  During  July,  August  and  September 
1939 


Type  117Z6  (GT) 

Prototype  117Z6  (G) 

Full  wave  rectifier-doubler;  heater 
type;  (T-9)  glass  envelope,  seated 


WRITE  FOR  FREE  CATALOG.  TODAY! 
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height  23  inches  (max) ;  7  pin,  small 
metal  shell  wafer  base. 

tk  -  117  V 
«M  “  117  V  (max) 
tia  —  60  ma  (max) 
ik  —  .075  ampa 
Basing  7 — AU 


Type  6V6  (GT) 

Prototype  6V6  (G) 

Beam  Power  Amplifier;  heater  type; 
(T-9)  glass  envelope;  seated  height 
23  inches  (max)  7  pin  octal  base, 
metal  shell. 

s»  —  6.3  V 
tk  —  .45  amps 
Sk  ••  250  V 

s«  “  —12.5  V 
ip  •  45  ma 
Om  "  4100  M'nhos 
Ki  “  5000  ohms 
PO  -  4.25  watts  (8%) 

Basing  7-AC 

Type  717  (GL) 

Triode-HEIXODE  converter,  remote  cut¬ 
off;  heater  type;  (T-9)  glass  envelope- 
base;  seated  height  2J  inches;  8  pin  ' 
loktal  base. 


Here  are  the  answers.... 


«k  ”  7.0  V 
Ik  ~  .32  amps 

TllIODE 
4p  —  150  V 
s.  —  —3  V 
t»  "  7.5  ma 

Gm  ~  1350  pmhos 
Up  ••  10400  ohms 


HE.VODE 
Sk  ••  250  V 
s.  —  — 3  V 

O,  —  310  /imhos 
Rp  —  1.5  megohms 
“  7.5  ititi 
C,/  imppi  "  5.5 
Basing  8—  AU 


Alert  Engineers 

will  want  these 

Ferranti  Bulletins! 


Here  are  up-to-date  bulletins  on  each  of  six  Ferranti  Trans¬ 
former  lines: 


Type  1G4  (GT) 

Prototype  1G4  (G) 


Triode;  filament  type;  (T-9)  glass 
envelope;  seated  height  23  inches 
(max)  intermediate  shell  7  pin  octal 


base. 

•f  —  1.4  V 
if  —  .05  amps 

4p  —  90  T 

s,  -  — 6  V 

i*  —  2.3  ina 

M  -  8.8 

Rp  •  11660  ohms 
Basing  5  -  S 


(1)  Super  Series  A  Line  —  Audio 

(2)  Ultra  Series  B  Line  —  Audio 

(3 )  Aero  Series  C  Line  —  Aircraft  and  Portable 

(4)  Humfree  Self  Shielded  Povcer  Units 

(5)  Low  Cost  Plate-Filament  T ransformers 

(6)  Air  Cooled  Industrial  Transformers 

Here  are  the  answers  to  the  many  questions  being  asked  today 
by  engineers  alert  to  technical  progress  .  .  .  answers  backed  by 
57  years  of  Ferranti  experience.  Write  for  your  copies  of 
these  bulletins  . . .  now! 

#  Ferranti  Engineers  are  at  your  service  to  assist  you  in  the 
solution  of  your  technical  problems. 


Type  1G6  (GT) 

Prototype  1G6  (G) 

Double  triode.  Class  B;  filament  type; 
(T-9)  glass  envelope;  seated  height 
23  inches;  intermediate  shell,  8  pin 


— ^ - HiUW 


ELECTRIC 

INCORPORATED 

RCA  BUILDING 


NEW  YORK,  N.Y. 
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For  50  yoara,  we  hare  specialized  in  the  manufacture 
and  opplicotion  of  these  derices.  May  we  apply  our 
experience  to  your  problems?  American  Automatic  Electric 
Sales  Co„  1033  W.  Von  Buren  SU  Chicago. 


AITOMATIC  i  ELECTRIC 


MAKERS  OF  TELEPHONE  AND  SIONAUNO  APPARATUS 
ELECTRICAL  ENGINEERS.  DESIGNERS  A  CONSULTANTS 


ACCURATE 

FORECAST 

OF 

PERFORMANCE 

HUNTER 

PRETESTING! 


Determine  in  advance  the  exact 
performance  your  springs  will  give! 
Hunter  detailed  analysis  of  designs 
and  reports  on  performance  help  yon 
find  the  best  springs  for  your  pur¬ 
pose;  guesswork  is  eUminated;  facta 
make  buying  safe!  Hiis  is  a  FREE 
Hunter  service — it’s  the  No.  1  step 
toward  spring  quality  and  economy. 


Just  ask  to 
have  a  repre¬ 
sentative  call; 
there’s  no 
obligation ! 

PRECISION 

MADE 


Type  2X2/879 

Half-wave  rectifier,  filament  type; 
(ST-12)  priass  envelope,  seated  height 
4  1/32  inches  (max)  small  4  pin  base. 


«»  —  2.5  V 
ik  ■■  1.75  amps 
«•.  ~  4500  V  (design 
max) 

it,  ~  7.6  ma  (design 
max) 

e,t  —  12,500  T  (design 
max) 

••  100  ma 
basing  4  — AB 


Type  7D7  (GL) 

Foreign  service,  triode-hexode  con¬ 
verter,  remote  cutoff;  heater  type; 
(T-9)  glass  envelope-base;  seated 
height  2-8  inches  (max)  internal 
shield;  8  pin  loktal  base. 

ex  “  7.0  V 
ik  «  .48  amps 

HEXODE 
*k  «  250  V 
s.  “  —3  V 
Q,  275«imhas 
Rg  1.5  megohms 


TUIODE 
e,  -  150  V 

Sf  —  — 3  V 

if  ~  3.5  mamps 
M  -  32 

Om  ~  1000  ohms 
Rp  16800  ohms 
CifmnipMl  —  8.0  Msf 
Ctf  ippml  “  5.5  ItfJ 
Basing  8  —  AR 


Type  21A7  (GL) 

Foreign  service,  triode-hexode  con¬ 
verter,  remote  cutoff ;  heater  type 
(T-9)  glass  envelope-base ;  seated 
height  28  inches  (max)  internal  shield; 
8  pin  loktal  base. 


•k  -  21.0  V 
u  ~  .16  amps 

HEXODE 

St  -  250  V 

S.  —  — 3  T 

O,  •  275  Mmhos 
Rp  >•  1.5  megohms 

TRIODE 
s,  -  150  V 

^  ••  —3  V 
ip  •  3.5  ma 
M  -  32 

Qm  ~  1900  <imhas 
Rp  •  16800  ohms 

Ctf  nlpmt  •“  8.0  $tlit 
Crf  input  ”  5.5  mmI 
Basing  8  — AR 


Type  12E5  (GT) 

Prototype  6P5  (GT) 

Triode;  heater  type;  (T-9)  glass  en¬ 
velope;  seated  height  2i  inches;  6  pin 
octal  base;  metal  shell  to  pin  No.  1. 


4k  -  12.6  V 
ik  ■■  .15  amps 
4p  —  250  V 

4,  -  —13.5 
ip  ^  5  ma 
Om  ~  1450  Mmhos 
Rp  ••  0500  ohms 
M  -  13.8 
,Ck  ”  3.6  mmI 
pCk  “  8.6  mmI 
fCp  2.8  mmI 
Basing  6  —  Q 
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A  Dependable 

MINIATURE 
FREQUENCY  METER 

FOR  POWER  FREQUENCIES  —BE¬ 
TWEEN  15  AND  SOO  CYCLES  PER 
SECOND 

Frahm  Frequency  Meteri  indicate  by 
the  resonant  vibration  of  accurately 
tuned  steel  reeds,  which  hold  their  orig¬ 
inal  calibration  for  a  very  long  time. 
Simple.  Rugged.  Unaffected  by  wave 
form  or  by  ordinary  voltage  and  tem¬ 
perature  changes.  Wide  range  portable 
and  switchboard  types  also  available. 

Wrff*  for  Boffoffn  IS55-E 

JAMES  G.BIDDLE  CO. 


I  tlECTRICAt 
1211-15  AacM  SntxcT 


INtTROMENTt  | 
PmILAOCIMIIA.  PiC 


A  CONTINUOUS 
WORLD'S  PAIR: 


A  280  Tube 

and 

^^Sylvaloy^^ 

Filament 


VISIT  OUR  EXHIBIT  IN  THE 
METALS  BUILDING  AT 
THE  WORLD’S  FAIR. 


WILBUR  B.  DRIVER  CO. 

NEWARK,  NEW  JERSEY 


Type  6AL6  (G) 

Prototype  6L6  (G) 

Beam  Power  Amplifier;  heater  type; 
(ST-16)  glass  envelope;  seated  height 
5J  inches  (max) ;  skirted  miniature 
top  cap;  7  pin  medium  shell  octal  base. 


et  «  6.3  V 
u  •  .9  ampe 

2o0  V 

*,  V  —14  V 

».»•  72  ma , 

>M  •  5  ma 
Gm  “  6000  urahoe 
Ri  "  2.')00  ohms 
PO  —  6.5  watte  (10%) 
Haaing  6— AM 


Type  7Q7  (GL) 

Prototype  6SA7  (M) 

Heptode,  converter;  heater  type;  (T-9) 
glass  envelope-base;  seated  height  2\ 
inches  (max);  8  pin  loktal  base. 


-  7.0  T 
ik  •  .32  amps 
*0  —  250  T  (max) 
«fj  "  —35  T 

100  V 

(max) 

t, i  —  —  0  V 

ip  —  3,4  ms 

tVr<  8  ma 
ir>  .5  mamp- 

u,  •  450  luntxae 
Hp  .9  megohms 

e»-/  <■  "  9.5  tiid 
ct-t  Ml  "  9.0  fkiif 
Baaing  8 — AL 


Type  14J7  (GL) 

Prototype  737  (GL) 

Foreign  service;  triode-hexode,  re¬ 
mote  cutoff,  converter;  heater  type; 
(T-9)  glass  envelope-base;  seated 
height  2J!  inches  (max);  8  pin  loktal 
base. 


«»  —  14  V 
is  —  .16  amps 

TRIODE 
a,  -  150  V 
—  —3  V 
ip  —  7.6’ma 
Gm  ~  1350  iimhos 
Rp  •  10,400  ohms 
A  -  14 

HEXODB 
rp  —  250  V  (max) 
Sd,«A  100  T  (max) 
Spi  -  — 3  V 

tp  ••  1.4  ma 

i,  —  2.8  ma 
••  1.5  megohms 
0,  •  310  Minhos 
Cr-t  tn  "  5.5  mmI 
Ci-t  Ml  “  7.5  mmI 
Basing  8 — AR 


Type  12B7  (ML) 

Prototype  12B7  (GL) 

R-F  Pentode,  remote  cutoff ;  heater 
type,  metal  envelope,  seated  height  2i 
inches  (max)  8  pin  locking  base. 


«k  “  12.6  T 

ik  “  .15  amps 
SE  -  250  T 
s,  —  — 3  ▼ 
tp  ~  9.2  ma 

Qm  *  2000  amhos 
Rp  »  .8  megohms 
CisMi  “  5.5 
Omimi  **  7.0  mmI 
pCp  “  .005  mmI 
(max) 

Basing  8-V 


A  Complete  Line 
For  Every  Purpose 

Radio  engineers  have  learned  from  ex¬ 
perience  that  Pioneer  Gen-E-Motor  Cor¬ 
poration’s  dynamotors,  gen-e-motors  and 
converters  provide  the  last  word  in  de¬ 
pendable  power  supply  units  for  air  craft, 
police,  marine  and  auto  radios  and  public 
address  systems.  They  are  available  in  a 
wide  range  of  capacities  for  every  require¬ 
ment.  Designed  and  constructed  to  give 
maximum  long  life  and  service.  Light 
weight  and  compact.  For  complete  in¬ 
formation  fill  ont  and  mail  coupon  below. 


PIONEER  6EN-E-M0T0R  CORP. 


466  W.  Saparior  St.,  Chicago 


ttporf  Addmt 
25  WARREN  ST. 
NEW  YORK.  N.  Y. 


PIONEER  SEN. E-MOTOR  CORPORATION 
OsRt.  R-4K.  4S6  W.  Ssserior  Strsst  Clilesso,  III. 
Klessc  send  me  “Plncor"  SUvar  Band  Dynsmotor 
Cstsloc  and  Data  Sheets. 

Namt  . 

iddresf  . 

Cits . State . 

□  iise  tend  wn  Ceaserter  CataUg 
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GOAT  RADIO  TUBE  PARTS 


114  DEAN  ST..  BROOKLYN.  N  Y. 


Type  6M8  (GT) 

Prototype  25D8  (GT) 


GOAT  TUBE  SHIELD  FEATURES 
that  Simplify  Set  Manufacturing 


1-VARIETY 


Foreign  Service,  diode, triode, pentode; 
remote  cutoff;  heater  type;  (T-9)  glass 
envelope;  seated  height  23  inches; 
octal  base  8  pins. 

«»  -  6.3  V 
ik  —  .6  ampa. 

THIODE 
«t  “  100  V 
ip  »  .5  ma 
fC*  “  3.7  $tijl 
“  1  V 

Om  ~  1100  itmham 

pCk  “45  mmI 
Rp  “  91,000  ohms 
pCp  “  2.5  nfii 

PENTODE 

«*  -  100  V 

t'r  “  8.5  ma 
Cin  “  5.2  mmI 
— 3  V 


Goat's  position  as  the  largest 
independent  manufacturer  of 
radio  tube  parts  and  shields 
is  the  outgrowth  of  the  co> 
ordinated  efforts  between 
the  industry's  most  active 
engineers  and  Goat's  crafts¬ 
men  in  seeking  new  ways  to 
improve  set  performance. 

Here  at  Goat,  you  can  get 
from  stock,  or  manufactured 
upon  short  notice,  numerous 
types  of  radio  tube  shield — 
for  Goat  offers  you  the 
widest  variety  available  to 
the  industry. 


Om  “  1900  ohms 
Ctml  “  iO.O  HfJ 
Rp  “  .2  megs 
tCp  “  .015  (tfif 
Basing  8 — AU 


Type  25AC5  (GT) 

Prototype  25AC5G 

Power  amplifier,  triode,  positive  grid; 
heater  type;  (T-9)  glass  envelope; 
seated  height,  23  inches  (max) ;  6  pin 
octal  base. 


GOAT  TUBE  SHIELD  FEATURES 


1  Variety  3  High  Appearance 

2  Maiimum  Compact-  Vaiue 

nets  4  Tested  Performance 

_  5  Quick  Service 


#  lust  imagine  testing  condensers 
right  in  their  own  circuit — no  discon¬ 
necting.  no  unsoldering.  A  truly 
radio  test  which  checks  for  capac¬ 
ity.  opens,  shorts,  intermittents. 

The  L-C  Checker  does  a  score  of 
things.  Checks  inductances  and  cir¬ 
cuits;  aids  in  aligning  rJ.  and  Lf. 
stages;  tunes  traps;  checks  chokes, 
antennae,  r.f.  trcmsmission  lines,  etc. 
Invaluable  in  the  laboratory,  factory, 
out  in  the  field.  Costs  only  $29.50 
net. 


Send  for  Bulletins 


a*  “  25  V 
ik  “  .3  ampe 
€p  “  110  V 
e,  “  ±15  V 
ip  “  45  ma 
Rp  “  15,200  ohms 
“  58 

Gm  “  3800  Mmhoa 
Ri  “  2000  ohms 
PO-20watU  (10%) 
Basing  6 — Q 


PLUeS  — SOCKETS 

TERMINAL  PANELS,  ETC. 


Power  amplifier  pentode;  filament 
type;  (T-9)  glass  envelope  base; 
seated  height  23  inches  (max),  8  pin 
loktal  base. 


1.4  V 
.05  amps 
90  V 
90  V 
—9  V 
5  ma 
1  ma 

925  rimhos 
12,000  ohms 
12,000  ohms 
.2  watts  (10%) 


Type  IBS  (GT) 

Prototype  1H5,  ITS 

Diode,  triode,  beam  power  amplifier; 
filament  type;  (T-9)  glass  envelope; 
seated  height  23  inches  (max) ;  8  pin 
octal  base. 

s/  “  1.4  V 
1/  “  .1  amps 

TRIODE 

V’-oV  -0 

i,'“0.15ma 

M  “  68 

Rp  “  .24  megohms  ^-/pf  >-S) 

Om  “  275  kimnos  I  — i 

PENTODE  ck _ 

a,  =  «,  “  90  V  I 

ip  “  6.3  ma 
t.  “  i.4  ma 
Gm  “  1150  Mmhos 
Ri  —  14,000  ohms 
PO  -  .21  watts  (8.5%) 

Basing  8 — AW 


Ask  to  See  it . . . 

•  Your  local  AEROVOX  Jobber  wUl 
gladly  show  you  the  L-C  Checker. 
Aek  for  dota — or  write  us  direct. 


HUNDREDS  OF  STANDARD  ITEMS 
OR  SPECIALS  TO  YOUR  SLUE- 
PRINTS. 

WRITE  FOR  BULLETINS. 

HOWARD  B.  JOXES 

_  2300  Wabansia  Avenue 

CHICAGO  ILL. 


-^^QgPOBATlOM  , 

NEW  .BEDFORD.  M  AB 
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Type  6SQ7  (G) 

Double  diode,  hi  mu  triode;  heater 
type;  (ST-12)  glass  envelope;  seated 
height  3-9/16  inches  (max) ;  8  pin, 
small  shell  octal  base. 


-  6.3  V 

>k  ~  0.3  amps 

-  250  V 

s,  -  -2  V 

tp  ■■  0.8  ma 

-  100 

Rp  -  91.000 
Om  •  1100  Mmhos 
Baaing  8 — Q 


Type  1B7  (GT) 

Prototype  1B7  (G) 

Pentagrid  converter,  remote  cutoff ; 
filament  type;  (T-9)  glass  envelope; 
seated  height  23  inches  (max) ;  metal 
shell  octal  base. 


•/  —  1.4  V 
if  —  .10  amps 

—  90  V 

-  0  V 

ip  ~  1.5  ma 
(jt  “  350  /tmhoa 
Rp  ^  .35  megohms 
O./  impml  *  7.0  flfif 
Ctf  a%lp%t  *  7.5  /iflf 
Baaing  7 — Z 


Type  5W4  (GT) 

Prototype  5W4  (M) 

Full-wave  rectifier;  filament  type; 
(T-9)  glass  envelope;  seated  height 
23  inches  (max) ;  5  pin  octal  base. 


IT’S  NOT  YOUR  PRODUCT- 

It's  your  control  devieo;  Wc  find  we  can't 


depend  on  it 


D  U  N  C  O 


TAILOR  MADE 

RELAYS  -  TIMERS  -  THERMOSTATS 

and  find  out  why  they  are  so  dependable. 


DUNCO  MEANS  DEPENDABILITY 


Type  6AE5  (GT) 

Prototype  6AE5  (G) 


Triode,  heater  type;  (T-9)  envelope 
seated  height  23  inches  (max) ;  6  pin 
octal  base. 


Type  6T6  (GM) 


Foreign  service,  R-F  pentode,  sharp 
cutoff;  heater  type;  (T-9)  metal 
sprayed  glass  envelope;  seated  height 
3-11/16  (max) ;  6  pin  octal  base. 


•k 

ik 

«» 

a. 


•• 

O, 


-  6.3  T 
”  .45  ma 

-  250  V 

-  100  V 

-  -1  V 
”  10  ma 

2  ma 

"  5500  Mmhi 
~  1  megohm 
“  8  mmi 

-  12  mmI 

“  .02  Mpl  (ni 
Basing  6-Z 


110  VOLTS  AC  ANYWHERE  with  KATOLIGHT 

Furnish  standard  60-cycle  AC  for  operating 
sound  truck  equipment,  AC  radios,  trans¬ 
mitters,  flood  lights,  motors,  moving  picture 
projectors,  etc. 

A  complete  line  of  light  and  power  plants 
ranging  up  to  10,000  watts  capacity.  Also 
6,  12  and  32  volt  battery  charging  plants, 
Diesel  plants,  rotary  converters  and  fre¬ 
quency  changers. 

Write  for  Latest  Catalog 

KATO  ENGINEERING  COMPANY 

Elm  and  Front  Sts..  Mankato,  Minn.,  U.  S.  A. 


WHEN  QUALITY  COUNTS 

THE  CARRIER  DYNAMIC  MODEL  702-D 

For  Broadcasting,  Recording,  Reinforcing 

Here  is  an  instrument  of  striking  professional  appearance 
and  outstanding  performance.  It  features  the  new  “Acoustic 
Equalizer”— an  exclusive  Carrier  development — which  makes 
possible  a  response  curve  whose  linearity  surpasses  that  of 
other  types.  Other  features  include:  Wide  range  perform¬ 
ance,  Hepco  locking  type  cable  connector,  magnetic  shielding, 
sealed  construction. 

Response  ±254  db.  30  to  10,000  cycles. 

Output  level — 60  db. 

List  Price:  30  ohms.  .$60.00;  200  to  500  ohms., $68.50 

Frss  estsloe  lOE  fully  dstcribet  this  and  other  Carrier  microphone* 

CARRIER  MICROPHONE  CO. 

15  EAST  26th  STREET,  NEW  YORK,  N.  Y. 


List  Price  $50.00  and  up 
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GET  SMALL  — COMPACT  — INEXPENSIVE 


RELAYS 


by  eUARDIAN 


for  Every  CONTROL  Application 


'A' What  is  your  control  problem?  An  automatic  machine  or  a 
model  railroad?  A  chemical  process  ...  or  counting  articles 
on  an  assembly  line?  Antenna  switching  of  a  radio  transmitter 
— or  an  alarm  system?  Gauging  an  inflammable  liquid  of  vary¬ 
ing  specific  gravity  ...  or  counting  the  attendance  at  the 
World's  Fair? 


These  are  just  a  few  of  the  thousands  of  problems  that  come 
to  Guardian  for  solution.  No,  we  don't  solve  them  all  .  .  . 
but  we  do  solve  most  of  them. 

If  Guardian  can  do  your  job  .  .  .  and  almost  always  we  can 
.  .  .  you'll  get  a  fast  answer  and  a  cost 
estimate  that  is  most  attractive  .  .  .  with 
a  delivery  date  that's  a  lot  closer  than 
you'd  ever  expect. 

Ask  us  to  make  specific  recommendations. 


Writ*  for  Catalog  "£'*  Today! 


GUARDIAN  ELECTRIC 


1625  W.  Walnut  St. 


Chicago,  Illinois 


Type  R 
Stepping  Relay 


DIRECT  READING 
FREQUENCY  MONITOR 


MODEL  FD8  BY 


FEATURES: 

•  Provides  direct  reading  of  frequency 
deviation. 

•  Temperature  controlled  crystal  cham¬ 
ber.  *  Accuracy  ( 

•  Monitors  four  frequencies.  •*  -002  pei 

•  Operates  on  any  frequency— 1500  to  •  Three  ram 

50,000  KC  5000,  and 

for  farfkar  dofolls  writ* 


J 


0  Accuracy  of  the  monitoring  frequency 
is  .002  per  cent 

•  Three  ranges  of  measurement — 1000, 
5000,  and  10,000  cycles 


DOOLIHLE  &  FALKNOR,  Inc. 


Type  3A8  (GT) 


Diode,  triode,  pentode;  tapped  filament 
type;  (T-9)  glass  envelope;  seated 
height  2|  inches  (max) ;  skirted  mini¬ 
ature  top  cap;  8  pin  intermediate  shell 
octal  base. 


—  2.8  V 
(/  •  .05  amps 


TRIODE  SECTION 

s,  —  90  V 

tp  .15  mampe 
•  0  ▼ 

M  -  05 

Rp  »  .24  mesohme 
Om  •  275  (imhos 

Oiu  ^  2.6  /tfil 
CnI  “  4.0  MmI 
,Cp  "  2.2  Mid 


PENTODE  SECTION 

«p  —  —  90  y 

—  0  V 

tp  ~  I  2  mamps 
i,  “  .3  manips 
Om  ~  750  /trahns 


Rp  —  .6  megohms 
C„  -  2.0  MMf 
C,.,  -  10  mmI 
,C,  »  .015  mmI  (max) 
Baaing  8 — AS 


Type  35A5  (LT) 

Prototype  35 A5  (GL) 


Beam  power  amplifier;  heater  type; 
(T-9)  glass  envelope;  seated  height 
2  27/32  inches  (max) ;  intermediate  8 
pin  octalox  base. 


«s  ™  35  ▼ 

»  .15  amps 
«p  »  110  V  (max) 
«•  »  110  V  (max) 
a.  -  — 7.5  V 
im  •  40  ma 
Tm  “  3  ma 
Om  “  5800  amhos 
Rp  “  14,000  ohms 
Ri  •  2.500  ohms 
P,  —  1.5  watts 
(6.5%) 

Basing  6 — A.\ 


Type  35Z3  (LT) 

Prototype  35Z3  (GL) 


Halfwave  rectifier;  heater  type;  (T-9) 
glass  envelope  seated  height  2-1  inches 
(max) ;  intermediate  octalox  8  pin 
base. 


Sk  ••  35  T 
u  •  .15  amps 
Sm  1 17  ▼  (max) 

100  ma  (max) 
ssr.p  &  200  ma  —  16  v 
«PMt  inverse  700  v 
(max) 

ipa«k  600  ma 

Basing  4 — Z 


Type  117L7  (GT) 


Rectifier,  beam  power  amplifier; 
heater  type;  (T-9)  glass  envelope 
seated  height  21  inches  (max) ;  8  pin 
octal  base. 


sk  -  117  y 

Ik  •  .09  amps 


RECTIFIER 
Spa  ••  105  y  (max) 
isa  ■■  75  ma  (max) 
ssrap  @  150  ma  —  16  v 


BEAM  POWER 
AMPLIFIER 
Sp  •  Sa  —  105  y  (max) 
Sa  "  —5.5  y 
tp  —  45  ma 
ta  —  4  ma 
Rp  B  20,000  ohma 
Om  "  4.000  Mmhoe 


Ri  B  4,(X)0  ohms 
P.  -  5.5  watte  (5%) 
Baaing  8— AO 
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M  VOLTROL  0  to  135 

r  ^  ^  VOLTS 

tESiSsl-  stepless 

VOLTAGE  REGULATION 

No  laboratory  is  complete  without  a  meant 
of  stepless  voltr.ge  control  such  os  provided 
by  the  Acme  Voltrol.  Manually  operated, 
the  Acme  Voltrol  provides  for  stepless  regu¬ 
lation  of  A.  C  voltage  from  0  to  135  volts. 
For  production  line  testing  this  unit  has  no 
comparison.  Put  voltage  contral  on  all  test 
boards  and  discover  the  performance  char¬ 
acteristics  of  your  product  under  all  voltage 
conditions.  The  NEW  Voltrol  is  lower  priced 
than  ever. 

Inquiries  invited  from  manufacturers  who 
use  small,  special  characteristic  transform¬ 
ers  in  quantity. 

THC  ACME  ELECTRIC  A  MFC.  CO. 
31  Water  Street  e  Cuba,  New  Yorit 


TAANSFORMERS 


Ai  A 


sect  fj,. 


i  ^  i  J  ] 


:  :  c  :  : 


For  the  Electronics  Equipment 
Manufacturer 

★  NEW  ★ 

Safety  Terminals,  Insulated  Rectifier  and 
Thyratron  Connectors,  High  Voltage 
Tube  Sockets,  Iron  Core  RP  Chokes, 
QuartiQ  Polystyrene  Insulation,  High 
Frequency  Variable  Condensers,  Meter 
Type  Dials,  Cast  Aluminum  Chassis,  etc. 

Cofofogue  (/pon  Request 


Type  12K8  (GT) 

Prototype  6K8  (GT) 

Triode,  hexode;  heater  type;  (T-9) 
glass  envelope;  seated  height  23  inches 
(max)  ;  8  pin  octal  base. 


€k  -  12.6  V 

IS  *  .15  amps 

HEXODE 
tp  —  250  V  (max) 

—  100  y  (max) 
*ft  “  —3  V  (min) 
if  •  2.5  lua 

i,  •  6.0  ma 
Ot  •  350  iimhoa 
Kp  —  .6  megohms 

TRIODE 

—  100  V 

—  0  V 

Gm  “  3000  umbos 


Cf/,«  “  6.6  uuf 
Ctf  tml  ”  3.5  Muf 
Ba-ing  8 — K 


i  Type  20J8  (GM) 

'  Prototype  6J8  (G) 

i  Foreign  service,  triode,  heptode,  con- 
’  verter;  heater  type;  (ST-12)  metal 
I  sprayed  glass  envelope;  seated  height 
i  3-25/32  inches  (max) ;  small  shell  8 
i  pin  octal  base. 


«s  “  20  V 
is  “  .15  V 

HEPTODE 
•p  250  V  (max) 
s,  »  100  y  (max) 
s.  -  -3  V 

if  «  1.5  ma 
i<  •  3.4  ma 
Rf  •  2  megohms 
Ut  ~  270  umhoe 
”  5  upl 

,Cf  •  .0i2  tint  (max) 

TRIODE 
Sf  «  100  y 
r,  -  0 

if  —  15  ma 


~  2.500  umhoe 
u  -  15 
Basing  8 — H 


Type  12SF5  (M) 

Prototype  12SF5  (GT) 

Hi  mu  triode;  heater  type,  metal  en¬ 
velope  (MT-8)  seated  height  2-1/16 
inches  (max) ;  6  pin  octal  base. 


«s  -  12.6  V 
is  *  .15  amps 
Sf  »  250  V  (max) 

s«  -  — 2  T 

if  •  .9  ma 
u  -  100 

Rp  •  66,000  ohms 
Om  «  1500  umhoa 
fCs  “  4.0  Muf 
fCs  ~  3.6  mmI 
fCf  -  2.4  mmI 

Basing  8— P 


Type  7A7  (LM) 

Prototype  7A7  (GL) 

R-F  Pentode,  remote  cutoff ;  heater 
type  (MT-8);  metal  envelope;  seated 
height  2-5/16  inches  (max) ;  8  pin  in¬ 
termediate  octalox  base. 


ss  -  7.0  T 

is  ~  .32  amps 
Sf  m  250  V  (max) 
s,  "i  100  V  (max) 
s.  »  — 3  V  (min) 
if  —  8.6  ma 
ti  «  2  ma 
Gm  -  2000umhas 
Rp  «  .8  megohms 
Cip  "  6  mmI 
C.fi  “  7  Msd 
mCp  •  .005  umI  (max) 
Baaing  8— V 


Lingo  provides  economicai 
verticai  radiators  that  reach 
a  new  high  in  performance! 

It's  not  just  a  matter  of  coinci¬ 
dence  that  many  of  the  leading 
engineers  are  specifying  LINGO 
"TUBE"  RADIATORS.  Actual 
results  offer  amazing  proof  that 
wherever  in  operation  LINGO 
RADIATORS  give  a  new  "plus" 
performance.  No  matter  how 
large  or  small  your  station — Lingo 
can  more  than  satisfy  your  re¬ 
quirements  —  both  in  cos/  and 
efficiency/  Don't  take  our  word 
for  it.  Let  us  show  you  the  happy 
experiences  of  stations  who  have 
installed  Lingo  "Tube"  Radiators. 

Write  tor  Teehnieal  Folder 

It  costs  you  nothing  to  have  complete 
details  on  your  desk.  Send  for  our  com¬ 
plete  story — end  if  you  include  the  loca¬ 
tion,  frequency  and  power  of  your  sta¬ 
tion,  we  will  provide  you  with  complete 
cost  end  performance  figures  in  advance, 
without  any  obligation. 

JOHN  E.  LINGO  &  SON,  Inc. 

D*pt.  E-1 1  Camdcii.  N.  J. 


LINGO 

VE  RTIC A 


RADIATORS 
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THE  ELECTRON  ART 


Each  month  the  world^s  technical  litera¬ 
ture  is  scanned  to  see  what  physicists  and 
engineers  are  doing  with  tubes,  for 
presentation  to  Electronics’  readers 


no  limitations  due  to  the  transient  time 
of  the  filters.  The  speed  of  the  meas¬ 
urement  depends  upon  two  factors: 
(1)  on  the  speed  of  the  rotary  switch, 
the  turn  of  one  revolution  being  the 
maximum  for  each  condenser  to  build 
up  its  charge,  and  (2)  on  the  time  con¬ 
stant  of  the  rectifier  circuit.  When  re¬ 
cording  fast  changing  sound,  this 
should  be  smaller  than  the  time  re¬ 
quired  for  one  revolution. 


Calculation  of  Triode 
Constants 


Spectrometer  for  Audio 
Frequency 

An  Electric  Wave  Analyzer  which 
permits  making  instantaneous  meas¬ 
urements  of  the  amplitudes  of  any  fre¬ 
quency  component  present  in  a  com¬ 
plex  film  or  electric  wave  is  described 
by  R.  K.  Heilman  in  an  article,  “An 
Audio  Frequency  Spectrometer”  ap¬ 
pearing  in  the  October  issue  of  Instru¬ 
ments.  As  shown  in  the  diagram,  the 
spectrum  is  made  available  on  the 
screen  of  a  cathode-ray  oscilloscope 
tube. 

While  no  particularly  difficult  re¬ 
quirements  are  imposed  upon  the  type 
of  tube  used,  one  having  a  screen  with 
fairly  long  persistence  and  good  align¬ 
ment  of  the  deflecting  system  is  desir¬ 
able.  Electrostatic  deflection  is  to  be 
preferred  to  magnetic  deflection. 

The  operation  of  the  system  may  be 


described,  with  reference  to  Fig.  1, 
in  the  following  manner.  The  input 
voltage  is  first  amplified  after  which  it 
is  fed  into  a  system  of  band-pass  filter 
connected  in  parallel.  These  filters  are 
so  designed  that  each  passes  a  band 
which  is  one-third  of  an  octave  wide. 


Across  the  output  of  each  filter  is  con¬ 
nected  a  copper  oxide  rectifier  through 
which  a  condenser  is  charged.  By 
means  of  a  motor  driven  rotary  disk, 
the  output  of  each  of  these  charged 
condensers  is  selected  from  a  switching 
mechanism  and  is  applied  to  the  verti¬ 
cal  deflecting  plates  of  the  oscilloscope. 
At  the  same  time  a  displacement  volt¬ 
age  is  applied  to  the  horizontal  de¬ 
flecting  plate  so  as  to  give  a  definite 
deflection  for  each  band  of  frequencies 
to  which  the  various  filters  respond. 

With  the  arrangement  shown,  a  com¬ 
plex  voltage  (which  may  have  origin¬ 
ally  been  produced  by  a  complex  sound 
acting  on  a  microphone)  is  made  ap¬ 
parent  on  the  screen  of  the  cathode- 
ray  tube  in  the  usual  manner  of  show¬ 
ing  a  spectrum  as  a  series  of  vertical 
lines.  The  length  of  the  vertical  lines 
of  course  determines  the  amplitude  of 
the  various  harmonics,  whereas  the 


displacement  from  an  arbitrary  zero 
axis  determines  the  approximate  fre¬ 
quency.  The  arrangement  permits 
making  a  permanent  record  of  the 
spectrum  by  means  of  a  small  film 
camera,  by  reason  of  the  negligible 
time  lag  of  the  reading.  There  are 


In  a  Stimulating  Article  appearing 
in  the  July  issue  of  Electrical  Com¬ 
munication  a  new  theoretical  treat¬ 
ment,  with  experimental  verification,  is 
given  by  J.  H.  Fremlin  on  “Calcula¬ 
tion  of  Triode  Constants”.  The  equa¬ 
tions  derived  are  similar,  although 
somewhat  more  elaborate,  than  those 
which  have  already  been  developed  by 
Schottky,  Miller,  King,  Ollendorff,  and 
Vogdes  and  Elder,  since  they  are 
derived  for  a  more  rigorous  case  than 
has  been  done  heretofore.  Equations 
are  derived  for  calculating  the  anode 
current  and  the  transconductance  for 
a  triode  for  both  the  plane  and  cylin¬ 
drical  electrodes.  A  significant  feature 
of  Dr.  Fremlin’s  derivation  is  that  it 
is  derived  completely  from  the  mechan¬ 
ism  of  a  triode  rather,  as  has  been 
done  in  the  past,  by  deriving  the 
equations  indirectly  through  reference 
to  a  diode  to  which  the  triode  is 
equivalent.  The  fact  that  the  equations 
derived  by  a  consideration  of  the  tri¬ 
ode  agree  with  those  which  have 
previously  been  derived  by  consider¬ 
ing  the  triode  as  an  equivalent  diode, 
provides  additional  justification  (if 
that  is  now  needed)  for  early  workers 
who  have  employed  the  “equivalent 
diode”  method  of  approach.  Not  only 
is  his  article  significant  in  that  it 
appears  to  be  the  first  treatment  in 
which  the  constants  are  calculated  di¬ 
rectly  from  a  triode,  but  the  practical 
engineer  will  be  interested  in  the  fact 
that  the  theoretical  equations  and  ex¬ 
perimental  curves  agree  unusually  well 
for  the  usual  type  of  triode  construc¬ 
tion.  Supplementary  equations  are  de¬ 
rived  which  apply  to  the  case  when  the 
grid  wires  may  be  thick,  or  when  the 
grid  pitch  is  larger  than  the  distances 
between  the  grid  and  the  other  two 
electrodes.  An  appendix  gives  equa¬ 
tions  which  apply  for  the  correction  of 
initial  velocity  and  when  the  two  sup¬ 
plementary  corrections  are  made,  the 
equations  for  tube  constants  are  found 
to  hold  with  good  precision  for  all 
types  of  triodes  having  plane  or 
cylindrical  elements. 

The  expressions  most  frequently  used 
for  the  anode  current  and  transcon¬ 
ductance  of  triode  are  not  calculated 
directly  for  a  triode,  but  are  derived 
indirectly  as  follows:  Child  and  Lang¬ 
muir  showed  how  the  space-charge 
limited  current  could  be  calculated  for 
any  diode,  the  electrodes  of  which  were 
infinite  parallel  planes  or  infinite  con- 


Fig.  1 — Diagrammatic  representation  of  the  functioning  of  the 
audio  frequency  spectrometer.  Only  one  bond-pass  filter  is 
shown  although  twenty-seven  are  employed  in  practice.  The 
spectrum  appears  on  the  screen  of  a  cathode  roy  tube 
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—  and  your  choice  will  be  Oi 

Simpson  Panel  Instruments  » 

^  Sndq*  Typ*  Con 

fttructipfi— With 
Solt  Iron  Polo 

OUTWARD 

beauty  is  only 
the  start  of  the  Simpson 
story.  The  real  story  is  that 
bridge  type  movement  with  soft  iron 
pole  pieces  illustrated  above — heart 
of  all  Simpson  Instruments. 

Here  is  a  better  type  of  construc¬ 
tion  expressed  in  finer  workmanship. 

Yet  it  is  found  in  instruments  so 
moderately  priced  that  they  have 
won  undisputed  right  to  be  called 
"the  world's  greatest  value  in  elec¬ 
trical  metering  devices." 

Ask  for  bulletins  describing  ten  a 
models  covering  all  requirements.  M 


^  A/ear 


HIGH-SENSITIVITY 
TESTER  — 

•  Typical  of  Simpson  Testing 
Instruments  is  this  Model  260 
for  television  and  general 
servicing  with  ranges  to 
5.000  volts  A.C.  and  D.C.  at 
20.000  ohms  per  volt  D.C. 

1.000  ohms  per  volt  A.C. 
Negligible  current  consump¬ 
tion  means  extreme  sensitiv¬ 
ity.  Resistance  ranges  from 
ohm  to  10  megohms;  decibel 
ranges  from  — 1®  ^ 
to  -I  S2DB.  Model  $0750 
260  is  priced  at . . .  “  * 


distance,  l„  =  /,  which  is  the  distance 
between  the  grid  and  cathode.  Sim¬ 
ilarly,  it  was  assumed  that  the  anode 
voltage  of  the  triode  was  given  by 
V„  =  Vf  +  DV,.  Similar  formulas  are 
derived  for  a  cylindrical  structure  by 
assuming  that  the  radius  of  the  equiv¬ 
alent  diode  is  equal  to  the  cathode- 
grid  radius  of  the  triode.  In  almost  all 
cases,  the  formulas  have  been  derived 
for  certain  particular  conditions  which 
may  or  may  not  be  fulfilled  in  prac¬ 
tice.  For  this  reason,  some  of  the 
equations  do  not  give  calculated  values 
which  agree  with  those  which  are  de¬ 
termined  experimentally. 

The  author  points  out  that  it  is  pos¬ 
sible  to  calculate  the  current  through 
a  triode  without  direct  reference  to  a 
particular  equivalent  diode.  The  ar¬ 
ticle  shows  the  derivation  for  the  case 
of  the  plane  electrode  tube  as  follows: 

If  a  current  of  density  i  is  flowing 
between  plane  electrodes  under  space- 
charge  limited  conditions,  the  potential 
distribution  will  be  given  by  I 

v*i*  -  kiP  (1)  I 

where  I  is  the  distance  of  a  point  from  | 
a  cathode,  and  k  =  r;--/  .  if  t 

is  measured  in  amps,  per  sq.  cm.  and 
V  is  measured  in  volts.  Here  the 
cathode  is  taken  as  origin  of  V  and  of 
I,  and  the  effects  of  initial  velocity  of  , 
the  electrons  are  neglected.  The  above  ! 
equation  then  merely  expresses  the 
Child-Langmuir  law.  The  potential  dis¬ 
tribution  is  shown  in  Fig.  1.  Suppose 
that  the  anode  and  grid  of  the  triode 
are  introduced  into  the  electron  stream 
at  such  potentials  that  the  original 
distribution  is  unaltered,  i.e.,  so  that 
V.  =  (ittl.*)*/*  'j 

>  (2) 

V,  =  (iW.*)V*  I 

We  have  now  a  triode  with  electrode 
potentials  which  are  known  in  terms 
of  the  total  space  current  which  is 
passing.  It  is  known  that  the  field  at 
the  cathode  of  a  plane  triode  is  given  by 

_  V,+  DV. 

61  D 1.  ^  ^ 

in  the  absence  of  space-charge.  In  this 

equation  D  =  -^  is  the  reciprocal 

of  the  amplification  factor,  I  is  distance 
of  a  point  from  the  cathode,  I,  and  I, 
is  distance  of  grid  and  anode,  respec¬ 
tively,  from  the  cathode. 

When  a  space-charge-limited  current 


SIMPSON  ELECTRIC  CO. 

5212  Kinzie  Street  Chicago,  Ill. 


CETRON 

PHOTO  CELLS  aad  RECTIFIERS 


the  accepted  standard 
with  which  all  others  are  compared 


Continental  Electric  Co. 

71 S  HAMILTON  ST.  GENEVA.  ILLINOIS 


Circulars  and  Prices  on  Request 


Note  These  Features  of  This  New 
^Webster  Electric  Crystal  Pick-up! 


Moisture-proofed  crystal  element . . .  Frequency  response 
range  from  50  to  85(X)  cycles  . . .  Rubber  cushioned  arm 
.  assembly  .  .  .  Needle  pressure  of  only 

2.5  ounces  .  .  .  Convenient  single  hole 
mounting  for  motor  boards  from  1/ 16'  to 
thick  . . .  Write  for  technical  details. 

WEBSTER  ELECTRIC  COMPANY 
RACINE,  WISCONSIN,  U. S.  A.  Est.  1 909 
EzportDapt.:  lOO  Varick  Street,  N«w  York 
City.  Cable  Address:  “ARLAB”  New  York 


Ljceosed  under  patantt  of  tba 

Bruah  Daaalopmant  Company 


Webster  m  Electric 


'Wbara  Quality  is  a  Raapouaibility  and  Fair  Daatlaa  aa  Obligation 
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RELAYS... 

all  types  for 

all  purposes 

Autocall  Relays  are  the  acknowledged 
"Standard  of  Comparison"  because  of 
superior  engineering,  designing  and 
manufacture.  Many  types  and  sizes  are 
carried  in  stock— others  are  made  to 
customer's  specifications.  WRITE  FOR 
CATALOG! 


TYPE  REA 

Potential  typo. 
Coil  pot  it  Ion, 
reildual  pap, 
•prlnp  toniion 
and  contact  poti- 
tiont  arc  all  ad¬ 
justable.  Can  be 
adjusted  to  oper¬ 
ate  at  low  diller- 
ential  yoltages. 
Armature  Is 
pivoted  on  cone 
pointed  hardened 
bearlnps. 


vC*  vf.  ^  v'**  * 

Sb'' 

^4  -i-l 

:  f* 


SHELBY  • 


OHIO 


e  RCUYS  •  ANNUNCIATORS 

e  INDICATING  Devices  •  LIQUIO  FLOV  DCVtCCS 

e  SSaS,  HORNS.  CHIAtCS  •  CODING  TRANSAUTTCRS 
tad  MtSC.  CQUIRMCNT  •  SIGNALUNG  SYSTEMS  • 
•  TERMINAL  DISCONNECT  BLOCKS  ALU  TYPES 


ampere  per  unit  length,  and 
_  22.0  X  10-«  (V,  +  DV.y' 

In  the  equation,  r,  and  are  the  radii 
of  the  anode  and  grid,  respectively,  of 
the  cylindrical  triodes,  and  the  terms 
and  are  Langmuir’s  function  for 
a  cylindrical  diode  referred  to  the  dis¬ 
tance  between  anode  and  cathode,  and 
grid  and  cathode,  respectively.  It  is 
interesting  to  compare  the  equations 
with  those  expressions  most  frequently 
used  for  the  anode  current  and  trans- 
conductance,  which  are  given  as  fol¬ 
lows  : 


14.7  X  10-*  (V,  +  DF.)*/* 
(1  -f-  D)*/* 

ampere  per  cm.,  and 

22.0  X  10-*  {V,  +  DV.yi* 

r,^..*(l-l-  D)*/* 


(11) 


(12) 


Gives  you  a  better  understanding  of 
how  and  when  to  use  Littelfuses! 

In  these  12  pages  you  will  find  most 
essential  engineering  data,  charts, 
curves — with  a  complete  listing  of 
Littelfuses,  fuse  mountings  and  other 
{products — information  that  you  will 
want.  Be  sure  to  get  your  copy.  A  re¬ 
quest  on  your  letterhead  will  bring 
the  catalog  to  your  desk  free. 


UTTELFU/E  INC. 

4755  RAVENSWOOD  AVE  CHICAGO.  ILL 


ampere  per  volt  per  cm. 

If  the  more  exact  equations  de¬ 
veloped  by  Fremlin  are  compared  with 
those  above  which  are  usually  used,  it 
will  be  found  that  the  difference  be¬ 
tween  the  two  equations  depends  in  a 
fairly  complicated  way  upon  the  pene¬ 
tration  factor  D  (or  the  amplification 
factor  which  is  its  reciprocal),  the  radii 
of  the  anode  and  grid,  and  two  of  the 
Langmuir  functions  which  involve  the 
radial  dimensions  of  the  anode  and 
grid  with  respect  to  the  cathode.  If 
the  equations  for  transconductance  are 
compared,  the  same  state  of  affair  like¬ 
wise  holds.  We  may  consider  that  the 
older  formulas  were  not  sufficiently 
rigorous  primarily  because  they  did 
not  adequately  take  account  of  all  of 
the  dimensional  effects  which  are  in¬ 
volved. 

The  equations  which  have  been 
worked  out  by  Dr.  Fremlin,  are  derived 
upon  the  following  assumptions:  (1) 
that  the  grid  wires  are  thin;  the 
formulas  hold  well  as  long  as  the  wire 
diameter  is  less  than  10  per  cent  of 
the  grid  pitch,  and  (2)  that  the  grid 
pitch  is  itself  smaller  than  the  dis¬ 
tances  between  the  grid  and  the  other 
electrodes.  When  the  distance  between 
the  grid  and  the  cathode  becomes  equal 
to  the  grid  pitch  the  formulas  will  be 
in  error  by  about  2  per  cent.  If  the 
grid  is  far  from  the  cathode,  the  grid- 
anode  distance  may  be  considerably 
less  than  the  grid  pitch  without  caus¬ 
ing  serious  discrepancies  as  it  is  lack 
of  uniformity  of  the  field  at  the 
cathode  that  causes  the  major  dis¬ 
turbances  observable. 

In  order  to  extend  the  applicability 
of  the  equations  to  cover  those  dimen¬ 
sional  ratios  which  have  not  already 
been  adequately  taken  into  account,  an 
expression  is  derived  for  the  penetra¬ 
tion  factor,  by  the  use  of  the  construc¬ 
tion  of  electrostatic  images.  Since  the 
penetration  factor,  D,  is  the  reciprocal 
of  the  amplification  factor,  the  paper 
may  be  considered  to  contain  a  rigorous 
derivation  for  the  equations  of  the 
amplification  factor,  at  least  for  tri¬ 
odes  having  plane  electrodes.  As 
might  be  expected,  this  equation 


Still  a 
Leader . . . 


•  Introduced  nearly  two  years  ago, 
the  DuMont  Type  168  Cathode-Ray 
Oscillograph  remains  a  favorite  with 
laboratory  workers  and  others  desir¬ 
ing  a  popular-priced  instrument  with 
characteristics  for  serious  work, 
mainly  because: 

•  High- intensity  five-inch  cathodc-ray  tube,  with 
medium-persistence  screen  readily  observed  in 
daylight  and  Mrmitting  photographic  record- 
ing  with  standard  commercial  equipment. 

G  Two  independent  power  supplies,  with  high- 
gain  amplifiers  for  vertical  and  horizontal  de¬ 
flection,  eliminate  interaction  between  deflec¬ 
tion  axes. 

•  Voltage  gain  of  -150  from  two-stage  vertical 
amplifier,  permits  working  directly  from  mi¬ 
crophone  or  vibration  pickups. 

•  Amplified-type  linear  sweep  covers  a  fre¬ 
quency  range  from  15  to  30,000  cycles  pet 
second.  Sweep  expansion  permits  observing 
waves  up  to  500,000  cycles.  Pattern  size  is 
entirely  independent  of  sweep  frequency. 

•  Incorporates  return-trace  blanking  on  cathode- 
ray  tube  grid.  Resistance-capacity  coupled 
synchronization  operates  positively  over  an 
extremely  wide  frequency  range. 

•  Position  controls  for  vertical  and  horizontal 
centering  of  pattern  conveniently  provided  on 
front  panel. 

G  Completely  self-contained,  with  all  eguipment 
supplied.  Weight,  only  31  lbs.  May  be  oper¬ 
ated  from  115-230  volt,  50-60  cycle  power 
supply. 

•  Write  for  Latest  Data. 


Cmhlt  Addrtt!  Wmp*xlin,  Nam  York 
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NEW  SUPER  HI-POWER  GENEMOTOR 


j-  for  Heavy  Duty  Service 

°  standard  for  Power  Units  used  on  Marine, 

'  Police,  and  Aircraft  Radio.  The  exceptional  Hi  Effi- 

■  \  size,  and  light  weight  are  the  result  of  a 

V*  \  *yP*/  o"*  piece  field  ring,  and  armature  design. 

ev  packed  ball  bearings  require  no  oiling  or  atten- 

A  /  H  tion.  Double  enamel  and  silk  wire  on  armature  insure 

^  \  Jy  trouble-free  operation;  end  dust  cover  removable.  Made 

in  two  sizes,  1  50  and  225  watt  output,  up  to  1000  volts, 
input  5.5  volt  and  up. 

150  Won,  Wclghi  iS'/i  Ibi.  There  is  a  Carter  Genemotor  or  Converter  for  every 
l*/j"Long,4*/i"Wid«ry'tiioh  requirement.  Write  for  further  information 


BARTER  ^OTOR 


1606  MILWAUKEE  AVENUE 


CHICAGO,  ILLINOIS 


flows,  the  cathode  fleld  is  reduced  to 
zero,  and  it  is  known  that  for  any  elec¬ 
trode  system  the  current  required  to 
do  this  is  proportional  to  the  three- 
halves  power  of  the  cathode  field. 
Hence  we  know  that 

i=  K(V,+ DV.y/t  (4) 

where  K  depends  on  the  dimensions  of 
the  tube. 


When  PRECISION  Counts 


There  is  one  item  in  your  specifications  you  can 
decide  upon  without  hesitation — T  R  &  S  Rivets. 
T  R  &  S  quality  means  every  rivet,  no  matter 
how  many  thousands  you  need,  is  usable;  rivets 
of  uniform  preciseness,  accurately  gauged  to 
drive  with  smoothness,  to  clinch  with  non-brittle 
efficiency. 

We  have  solved  the  riveting  problems  of  Amer¬ 
ica's  leading  industrial  concerns. 


Fig.  1 — Potential  distribution  from 
cathode  (left  ordinate  axis)  to  the 
grid  and  plate,  designated  by  sub¬ 
script  letters  g  and  p  respectively 


Many  ^ 
motorized, 
models  ■ 
available 
in  single 
stroke  and 
multiple 
drive 


^Inquiries 
■  invit*d 
wiUt 
samples  of 
work  you 
wish  to  do 


Substituting  from  (2)  for  V,.  V,.  we 


TUBULAR  RIVET  &  STUD  CO 


or,  in  practical  units 

„  2.34X  10-«  {V,+  DV.yi* 


World's  Foremost  Producers  of  Rivets 


MASSACHUSETTS 


WOLLASTON 


Hence 


ampere  per  volt  per  unit  area. 

From  (6)  and  (7)  we  have  also 

2.64  X 
”  (1//*  + 

ampere  per  volt  per  unit  area. 

These  differ  from  the  usual  formulae 
used  only  in  the  replacement  of  the 
term  (1  +  by  the  term  [1  -f  I> 

(/.//,) 

It  will  be  noticed  that  the  equation 
for  current  has  been  derived  without 
explicit  reference  to  the  equivalent 
diode.  The  form  of  the  equations  shows 
that  the  triode  is  equivalent  to  a  par¬ 
ticular  diode,  however. 

A  similar  analysis  has  been  carried 
out  to  determine  the  radius  and  po¬ 
tential  of  the  anode  of  the  equivalent 
diode  for  the  case  of  a  cylindrical  tri¬ 
ode.  Given  that  D  (or  its  recipro¬ 
cal,  m)  can  be  calculated,  the  results 
apply  equally  well  to  the  squirrel-cage 
or  helical  grid  so  long  as  the  emission 
from  the  cathode  surface  is  appreciably 
uniform.  Large  grid  supports  cause  a 
definite  “beam”  effect  which  makes 
many  circular  section  tubes  obey  the 
formulae  for  planes  more  closely  than 
they  do  those  for  cylinders.  The  author 
does  not  derive  the  equations  for  the 
case  of  the  triode  with  cylindrical 
elements.  However,  he  does  give  equa¬ 
tions  for  the  current  per  unit  lengrth 
as  well  as  the  transconductance,  as 
follows : 


IMPROVED  CRYSTAL 
CONTROL  AT  HIGH 
FREQUENCIES 


Police  and  Broadcait  Enqineors  will  iind 
the  type  M02  holder,  complete  with 
Bliley  High  Frequency  Quartz  Crystal, 
w#ll  BuitDd  for  lon^  poriods  of  ri^oroui  torvico 
in  all  type*  of  mobile  and  portable  transmit¬ 
ters.  A  unique  spring  design  maintains  positive 
pressure  while  preventing  undesirable  elec¬ 
trode  movement  under  severe  vibration  or 
■bock.  Catalog  G-1 1  contains  complete  in¬ 
formation — write  for  your  copy. 


BLILEY  ELECTRIC  CO. 

ERIE  PENNA. 
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TESTING  INSTRUMENTS 

/or  Factory,  Laboratory 
and  Field  Use 

TELEVISO's  lint  of  prechlon  instrumenfs 
includes 

•  RADIO  FREQUENCY  MICRO- 
VOLTER,  designed  for  radio  labs  as 
standard  of  comparison.  Priced  at 
$85.00. 

•  SIGNAL  GENERATOR,  for  the 
laboratory,  service  booth,  as  auxiliary 
signal  source.  Only  $45.00. 

•  VACUUM  TUBE  VOLTMETER,  for 
general  measurement  procedure,  labo¬ 
ratories,  service  booths.  Net  price 
$25.00. 

•  BEAT  FREQUENCY  OSCILLATOR, 

portable,  accurate,  compact.  Range 
15  to  15,500  cycles  and  0-420  cycles. 
$37.50. 

•  AUDIO  SPECTRUM  DIVIDER,  for 

industrial,  geophysical,  radio  labora¬ 
tory  and  field  use.  $50.00. 

Each  of  thei#  initrumenti  !>  designed  to  bring 
you  the  utmost  in  precision  at  a  fair  price. 
Televiso  standards  call  for  the  manufacture 
of  instruments  of  precision,  dependability, 
and  standardized  design  to  eliminate  obso¬ 
lescence.  All  instruments  are  unconditionally 
guaranteed  for  one  year.  GR  and  National 
Components. 

Write  today  for  your  copy  of  "MODERN 
STANDARDS  OF  MEASUREMENT  TECH- 
NIQUE",  a  full  description  of  the  Televiso 
line  of  Instruments. 

TELEVISO  CO. 

341  N.  Crawford  Ave.,  Chicago,  III. 


120  WEST  20th  STREET 

NEW  YORK,  N.  Y. 

THE  MOST  MODERN 

BOMBARDING  EQUIPMENT 


Incorporates 

Straight 
line  power 
output 
control 


Safety. 

Rugged 

eonstruction 

and 

many  other 
New  and 
Exclusive 
teaturrs 


Tinlt.s  from  1*4  to  ,^5  Kva. 


Mica  Condensert,  Heater  Colls.  Watercooled  LItz 
Cables  and  other  replacement  parts  ior  your  pres¬ 
ent  bombarding  eguipment. 


employed  for  this  purpose,  while  curve 
h  is  calculated  from  the  formula  for 
plate  current  derived  by  Dr.  Fremlin. 

It  is  observed  that  curve  o  pives  con¬ 
siderably  hifrher  values  of  current  than 
docs  b,  althouph  the  experimentally 
determined  values  are  somewhat  hipher 
than  that  shown  by  curve  h.  By  cor¬ 
recting  curve  b  for  the  effect  of  initial 
velocity  of  the  electron,  by  the  method 
which  is  contained  in  the  article,  curve 
c  is  derived  which  agrees  quite  well 
with  the  experimental  results.  An¬ 
other  interesting  experimental  curve, 
Fig.  3,  shows  the  transconductance 
plotted  against  the  cathode-grid  dis¬ 
tance  measured  as  a  fraction  of  the 
grid  pitch.  It  will  be  ob.served  that  tht 
experimentally  determined  points  fall 
much  closer  to  curve  b  than  to  curve  n.  | 
The  theoretical  curve  given  by  h  is  j 
that  derived  in  the  present  paper,  i 
whereas  that  given  by  a  is  the  equation  I 
usually  u.sed.  It  will  be  seen  from 
this  curve  that  the  advantage  of  the 
new’  derivation  is  especially  apparent 
for  low  values  of  L  a. 


Ma^iiPtr(»ii  Hijsli  Frequpiiry 
Gf'iieralorji 

.•Vn  excki.i.knt  (;k,ne:rai-  survey  of  the 
i  motion  of  electrons  in  electric  and 
I  magnetic  fields,  and  the  application  to 
'  magnetrons  as  ultra-high  frequency  os- 
j  cillators  is  given  in  the  July  issue  of 
i  the  Pliilip.'i  Technical  Re  view  in  an 
j  article  compiled  by  G.  Heller  and  en- 
i  titled  “The  Magnetron  As  a  Gener¬ 
ator  of  Ultra  Short  Waves.”  The 
article  is  intended  for  those  who  are 
w’ell  ver.sed  in  mathematics  and  electric 
I  circuit  theory  but  who  may  not  be 
'  acquainted  with  the  fundamental  oper¬ 
ation  of  the  magnetron  as  a  gener- 
I  ator. 

!  The  conditions  of  oscillation  are  de- 
I  rived  by  means  of  a  mechanical  an¬ 
alogy  from  which  the  essential  electric 
circuit  conditions  are  obtained.  The 
second  portion  of  the  article  deals  wdth 
the  motion  of  electrons  in  various  elec¬ 
tric  and  magnetic  fields  and  this  in¬ 
troduction  is  followed  by  a  description 
of  the  motion  of  electrons  in  the  mag¬ 
netron. 

The  magnetron  consists  of  a  cathode 
filament,  a  cylindrical  anode,  usually 
divided  into  a  number  of  sections,  and 
a  homogeneous  magnetic  field  parallel 
to  the  filament.  With  such  a  system, 
j  two  main  types  of  oscillation  can  be 
generated :  ( 1 )  o.scillation  of  any  rela¬ 
tively  low  frequency,  and  (2)  oscil¬ 
lation  with  frequency  determined  by 
the  periodic  character  of  the  move¬ 
ment  of  the  electron.  In  the  latter 
!  case  it  is  possible  to  distinguish  be- 
!  tween  radial  and  tangential  movements 
j  of  electrons.  In  the  case  of  the  first 
I  type  of  oscillation  the  frequency  is 
subject  to  the  same  restrictions  as  in 
I  a  radio  tube.  In  the  second  type,  these 
j  restrictions  do  not  hold  and  very  short 
I  waves  can  be  obtained. 

I  In  a  magnetron  the  electrons  leave 
j  the  cathode  with  a  low  velocity  and 
1  are  accelerated  by  a  radial  field.  They 


was  the  W  orld’s  Fair  calling — "a 
few  speakers  to  handle  the  output 
of  a  20(K)  watt  amplifying  system? 
They’re  for  the  Lagoon  of  Nations. 
Outdoors,  you  know,  about  250 
feet  from  the  sound  projectors. 
And,  oh  yes,  the  atmosphere  will 
be  a  little  damp;  we’re  going  to 
shoot  twenty  tons  of  water  into  the 
air  24  hours  a  day”. 

How  Cinaudagraph  accomplished 
this  feat  is  the  talk — and  the  pride 
— of  the  industry.  But  the  point  to 
remember  is  this:  the  same  special¬ 
ized  knowledge,  the  same  engineer¬ 
ing  skill,  the  same  resourcefulness 
that  attracted  W^orld’s  Fair  plan¬ 
ners  is  yours  to  command  at  no 
extra  cost. 

If  it's  speakers — electro-dynamics 
or  permanent  magnets  Cinauda¬ 
graph  can  fill  your  requirements. 
Your  inquiry  is  invited. 
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EXTRA  PERFORMANCE 


somewhat  more  complicated  than  that 
derived  some  years  ago  by  Vogdes  and 
Fllder. 

In  order  to  verify  experimentally,  the 
validity  of  the  equations  developed,  an 
experimental  triode  was  constructed 
so  that  the  various  electrode  voltages 
and  currents  could  be  measured.  The 
elements  of  the  triode  were  arranged 
in  such  a  manner  as  to  be  adjustable 
with  respect  to  one  another,  and  an 


THAT  OPEN 


WORLD 

MARKETS 


New  Vitrohm,  the  enamel  now  used  on  all  Ward  Leonard  Resistors, 
more  than  meets  the  use  attributes  of  other 
enamels  and  has  a  permanent  resistance  to 
moisture  that  has  never  before  been  attained. 
Hence  the  user  can  sell  his  products  with  as- 
surance  of  resistor  dependability  in  humid 
tropics.  Ward  Leonard  Resistors  are  geo- 


Send  /or  Ward  Leonard  Resistor  Bulletins.  The  line  is  complete, 


32  SOUTH  STREET 


Fig.  2 — Plate  current  relations  for 
an  experimental  triode 


ELECTRIC  CONTROL  DEVICES  SINCE  1892 


NO  EXTRA  COST 


A  shielded  half-wave  mercury-vapor  recti¬ 
fier  of  superior  design  .  .  .  for  longer  life 
and  more  efRcient  operation  in  continuous- 
duty  power  supplies. 


OUTSTANDING  FEATURES 


!•  Filament  shield  to  reduce  ionic  bombardment 
of  internal  elements.  Shield  also  reduces  for¬ 
mation  of  deposits  on  glass  and  subsequent 
voltage  breakdown. 

2a  Mesh  filament  with  greater  emitting  area  to 
increase  life  of  tube. 

3a  Spiral-wound  filament  concentrates  heat  further 
increasing  emission  capability. 

4a  Double  filament  leads  through  stem  reduce 
heating — each  carries  only  2.5  amperes  in¬ 
stead  of  5 — thus  decreasing  electrolysis  in  the 
stem. 

5a  Top  plate  supported  by  mica  snubbers  in  dome 
of  bulb  to  prevent  breakage  of  lead  wire. 


Fig.  3 — Transconductance  curves 
with  experimentally  determined 
points 

optical  arrangement  was  put  up  to 
measure  the  distances  between  the  var¬ 
ious  electrodes.  With  the  arrangement 
used,  the  dimensions  of  the  tubes  could 
be  changed  throughout  a  rather  wide 
range,  and  the  corresponding  voltages 
and  current  observed.  The  paper  in¬ 
cludes  a  description  of  the  experi¬ 
mental  equipment  and  technique  em¬ 
ployed  as  well  as  the  results  of  the 
number  of  measurements.  One  of  these 
curves,  given  in  Fig.  2,  shows  experi¬ 
mental  determinations  as  well  as  the 
results  of  three  calculations.  Curve  a 
is  calculated  from  the  formula  usually 
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Characteristics 

Filamant . 5  amp.  @  2.5  volts 

Paak  currant . 500  max.  ma. 

Avaraga  currant . 250  max.  ma. 

Invarsa  paak . 7500  max.  volts 

Avaraga  tuba  drop . 10-15  volts 
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a  •  0.175  cm  d  •  0.0089  cm 

Curve  a  from  former  equations  — / 

•  b  •  equation  (7)  j 

•  c  •  •  •  / 

with  emission  velocity  correction  / 

0  — 

experimental 

t 

/ 

/ 

/ 

/ 

/ 

d 

// 

i 

/ 

f 

f/ 

_ i 

'  Puciiwn  ’ 

ELECTRICAL  IN5TRUMINTS 


will  be  deflected  by  the  magnetic  field  whose  diameter  2’’  at  the  critical  field 
and  curved  paths  will  result.  The  strength  H„  is  equal  to  the  radius  a 
curvature  of  their  paths  at  every  point  of  the  magnetron. 

is,  proportional  to  the  field  strength,  When  the  anode  cylinder  is  not  con- 
and  inversely  proportional  to  the 
velocity  and  thus  also  to  the  square 
root  of  the  potential  at  the  point  in 
question.  When  the  strength  of  the 
magnetic  field  is  sufficiently  great  the 
electrons  cannot  reach  the  anode,  and 
describe  a  path  like  that  represented 
in  Fig.  1-a. 

With  a  completely  symmetrical 
arrangement  the  electron  emitted  would 
return  to  its  starting  point,  the 
cathode.  Due  to  a  slight  assymmetry, 
how'ever,  it  may  occur  that  the  elec¬ 
tron  misses  its  goal;  in  that  case  it 
describes  a  second  loop  similar  to  the 
first  in  shape  but  turned  90°,  and  so 
on,  so  that  a  closed  orbit  of  four  loops 
results. 

When  the  strength  of  the  magnetic 
field  is  made  to  decrease,  the  diameter 
of  the  loop%  increases  until  at  the  so- 
called  critical  field  strength  the  elec¬ 
trons  can  reach  the  anode  (Fig.  1-b  and 
c.).  At  that  moment  anode  current 
suddenly  begins  to  flow,  which  cur¬ 
rent  remains  practically  constant  upon 
further  decrease  of  the  strength  of 
the  magnetic  field. 

When  the  cathode  filament  is  suffi¬ 
ciently  thin  the  critical  field  strength 
can  easily  be  calculated.  It  may  then 
be  assumed  that  the  potential  is  con¬ 
stant  in  the  greatest  part  of  the  space 
and  equal  to  the  anode  voltage  V,.  The 
electron  then  describes  a  circular  orbit 


to 


Fig.  1 — Paths  oi  electrons  in  a 
magnetron  for  varying  relative 
magnitudes  of  magnetic  fields 


Fig.  2 — Static  and  dynamic  sche¬ 
matic  diagrams  of  the  magnetron 

tinuous  but  consists  of  a  number  of 
sections  with  equal  potential  the  paths 
of  the  electrons  will  be  practically  the 
same.  If,  however,  there  are  differences 
in  potential  between  the  sections  very 
divergent  forms  of  orbits  may  appear. 

As  an  aid  to  the  study  of  oscillations 
of  relatively  low  frequencies  produced 
in  the  magnetron,  consider  a  magne¬ 
tron  with  two  anode  sections  (see  Fig. 
2-a),  and  with  a  given  anode  voltage 
I',.  Choose  a  magnetic  field  so  strong 


MODEL  2000 


#  130  and  260  Volt  Ranges — 750 
and  1500  V/atts 

#  Current  Rating  7.5  Amperes. 

#  Reads  Line  Voltage  and  Wat¬ 
tage  Simultaneously.  Toggle 
Switch  Protects  Wattmeter  Dur¬ 
ing  Starting  Period. 

#  Light  and  Compact;  In  Portable 
Case. 

Model  2000  is  a  handy  portable  tester  com¬ 
bining  a  Triplett  Wattmeter  and  Voltmeter 
in  leather  case.  Ideal  for  field  use  in 
servicing  radios,  refrigerators,  fractional 
H.P.  motors  and  all  types  of  household 
appliances. 

No  fussy  connections  to  make.  Just  plug 
the  tester  into  an  outlet  and  the  load  into 
the  tester  receptacle.  Read  Watts  on  one 
fide  of  twin  meter  and  line  volts  on  the 
other.  Available  in  other  ranges  at  slightly 
higher  prices. 

In  electronic  circuits  changes  in  values  of 
condensers,  chokes,  resistances,  etc.,  are 
reflected  in  wattage.  Instruments  of  the 
dynamometer  type  for  power  determina¬ 
tion  find  a  place  in  the  laboratory  and 
service  fields  and  will  adapt  themselves 
many  times  in  permanent  installations. 


Stelli 

Needles 


Users  of  Stelli  Needles  prefer  them. 

For  Stamina — Cutting  time  of  2  hours  is  re¬ 
ported  regularly  by  enthusiastic  users. 

For  Uniformity  —  Stelli  are  precision-polished 
hy  standardized  methods  to  microscopically  per¬ 
fect  points.  Each  one  is  individually  tested 
by  cut  and  play-back  method. 

For  Real  Econo my—Becauie  of  their  long  life 
and  precision  qualities,  Stelli  would  be  eco¬ 
nomical  at  twice  their  reasonable  price 
Stelli  “Shorts.”  75c.  each.  Stelli  “Specials” 
$1.25  each.  Resharpening  (Return-mail  service) 
•fOc.  each. 

A  Trial  it  Your  Best  Proof — 

Order  a  Stelli  Needle  Today. 

RANGERTONE.  Inc. 

201  Verona  Ave.  Newark.  N.  J. 


This  Volt  -  Ohm  • 
Mllllammeter  Is  a 
eomplsto  pocket- 
size  tester  with 
AC-DC  voltage 
ranges:  0-10-50- 
250  •  1000  •  5000  at 
1000  ohms  per  volt; 
D  C  Mllllampores 
0-10-100-500;  High 
and  Low  Ohms 
Scales.  With 
RED  •  DOT  Life¬ 
time  Guaranteed 
Measuring  Instru¬ 
ment. 


Many  itationi  find  this  exact  measuring  sere- 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 

MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
Bt  any  hour  every  day  in  the  year 

R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OP  AMERICA  SERVICE 

66  BROAD  STREET  NEW  YORK,  N.  Y. 


Daalor  Not 

$14.50 

WRITE  FOR  CATALOG 

The  TripleR  Electrical  Instrument  Co. 

Soctlon  2311  Mormon  Avo.,  Bluffton,  Ohio 
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that  no  anode  current  flows.  When  a 
difference  of  potential  is  caused  be¬ 
tween  the  plates  by  the  batteries  bi 
and  6j  such  that  the  average  voltage 
remains  equal  to  V„,  anode  current  is 
found  to  flow,  and,  remarkably  enough, 
it  flows  to  the  plate  with  the  lower  po¬ 
tential.  This  shows  directly  that  the 
magnetron  is  capable  of  generating 
oscillations.  If  one  considers  the  cir¬ 
cuit  in  Fig.  2-h  consisting  »)f  a  magne¬ 
tron,  an  oscillating  circuit  in  which 
there  is  an  oscillation  of  a  certain 
amplitude  and  a  battery  with  the  anode 
voltage  r„  it  follows  from  the  above 
that  the  electrons  accelerated  by  the 
alternating  voltage  always  move  to¬ 
ward  that  section  whereby  the  alter¬ 
nating  voltage  of  the  oscillating  cir¬ 
cuit  has  a  retarding  action.  This  is 
exactly  the  condition  which  was  de¬ 
rived  as  necessary  for  the  generation 
of  oscillations. 

The  above-described  mechanism  for 
the  generation  of  oscillations  resembles 
the  mechanism  in  radio  tubes  inasmuch 
as  the  oscillations  are  generated  by 
means  of  a  negative  resistance.  Just  as 
in  radio  tubes,  the  frequency  is  lim¬ 
ited  by  the  transit  time  of  the  electrons 
which,  with  strong  magnetic  fields,  will 
be  even  longer  than  in  radio  tubes 
because  the  velocity  of  translation  is 
inversely  proportional  to  the  magnetic 
field.  For  this  reason,  the  considered 
manner  of  generating  of  oscillations 
can  only  produce  oscillations  with  rela¬ 
tively  low  frequencies. 

With  a  suitable  frequency  the  con¬ 
dition  for  the  generation  of  oscillations 
can  be  satisfied.  Whether  or  not  this 
takes  place  does  not  depend  only  upon 
the  frequency,  but  also  on  the  phase 
of  the  oscillation  at  the  moment  when 
an  electron  pas.ses  the  slit. 

When  section  I  has  the  higher  poten¬ 
tial  at  the  moment  when  the  electron 
passes  from  section  I  to  section  II,  the 
electron  will  give  off  energy  to  the 
oscillating  circuit;  if,  however,  the 
electrons  pass  the  slit  at  random  times 
no  energy  will  be  transferred  on  an 
average. 

From  a  closer  consideration  it  is 
found  that  the  electrons  do  not  pass 
the  slit  at  random  moments,  but  show 
a  certain  preference  to  pass  it  in  the 
“correct”  phase. 

Very  short  waves  can  be  generated 
by  the  tangential  oscillations.  If  V,  is 
measured  in  volts  and  H  in  gauss,  it 
may  be  shown  that 


ENAMELED 
MAGNET  WIRE 


•  Much  of  the  success  of 
fhis  Hudson  Wire  producf  is 
due  fo  a  new  coafing  mefhod  fhaf  gives 
a  smoofh,  permanenfly-adherenf  enameling.  Mercury-process  fesfs 
guaranfee  perfeef  uniformify;  greaf  fensile  sfrengfh  assures  per- 
feef  laying  even  af  high  winding  speeds.  Especially  adapfable  for 
reduefion  in  coil  dimensions  wlfhouf  sacrificing  elecfrical  values. 

Our  engirteerirtg  ond  detign  facilifitt  are  af  your 
disposal— defails  and  quofafions  on  requesf. 


where  a  is  the  distance  betw’een  anode 
and  cathode. 

When  the  external  oscillating  circuit 
is  tuned  to  the  radial  oscillations  of 
the  electrons,  the  frequency  of  w’hich 
is  given  by  the  rotating  motion  of  the 
electrons  in  the  magnetic  field,  the 
wave  leng^th  of  the  generated  wave  is 
given  by 

10,700 


daven  company 


NEWARK,  NEW  JERSEY^ 


158  SUMMIT  STREET 


Thus  by  increasing  the  magnetic  field 
H,  very  short  waves  may  be  produced. 


Tha  Typ*  iC  was  davalopad  In  co-ordination  wifh  fh*  onginaaring  dapartmanf 
of  fha  Columbia  Broadcasfing  Sysfam. 
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WIRE  WOUND  RESISTORS 


^  CLARE 
RELAYS 


jnrQTn  recording 
IilOIU  corporation 

24?  West  55th  Street,  New  York,  N.  Y. 


584  different  radio  tube  types  are  Riven 
Handbook  by  National  Union  Radio 
Corp.,  57  State  St.,  Newark,  N.  J. 


(Geophysical  Instruments,  Described  in 
Catalog  No.  116.  Also  a  radium  de¬ 
tector  in  Circular  PG.  Both  by  Geo¬ 
physical  Instrument  Co.,  l.‘H5  Half  St., 
S.  E.,  Washington,  D.  C. 


PRESTO  TURNTABLE 


A  Preferred  Product 


gives  perfect  reproduction 
of  all  makes  of 
transcriptions 


Switchgear  Control  .Accessories.  De¬ 
scribed  in  Bulletin  72-1)  by  Delta-Star 
Electric  Co.,  2400  Block,  Eulton  St., 
('hicago. 


OUTSTANDING  CONCERNS 

REPEAT  and  REPEAT 

AGAIN  and  AGAIN 

Their  Purchases  of 


Service  .Vids.  Cements,  solvents,  la- 
(juers,  plugs,  etc.  are  described  in  Cata¬ 
log  No.  140  by  General  Cement  Mfg. 
Co.,  Rockford,  111. 


MICROHM  RESISTORS 


Solderless  h'ittings  for  small  copper 
tube  transmission  lines  described  in 
Bulletin  No.  101-D  by  Isolantite,  Inc., 
2.‘1.‘1  Broadway,  New  York. 


CONTINUED  PREFERENCE 
IS  BEST  PROOF  OF 

UNIFORM 

CONSTANT  and 

DEPENDABLE 

QUALITY 


Transmitters.  .\lso  receivers  and  parts 
in  Catalog  No.  .‘100  by  National  Com¬ 
pany,  61  Sherman  St.,  Malden,  Mass. 


Service  Notes.  Complete  service  data 
and  wiring  diagrams  on  1938  RC.A  V'^ic- 
tor  radio,  Victrola  models,  test  equip¬ 
ment  and  the  19.39  television  receivers 
are  given  in  a  448  page  book.  The  price 
is  $1.25.  RC.A  Manufacturing  Co., 
Camden,  N.  .1. 


Compfef*  service  and  odvice 
on  any  ond  all  of  your  resist- 
once  and  equipment  problems. 


Precision  Resistor  Company 

334  BADGER  AVENUE  •  NEWARK.  N.  J. 


Here  is  a  turntable  designed  for  prac¬ 
tical  o|H‘ruling  conditions  in  broailcast- 
ing  stations  where  from  two  to  five 
different  makes  of  recordings  are  used 
daily.  In  place  of  the  ordinary  tone 
controls  this  Presto  turntable  is  equip- 
|M‘d  with  a  compensating  network  accu¬ 
rately  calibrated  to  repnaluce  the  full 
range  of  N  BC-ORTII  ACOl  STIC, 
VkOUl.l),  -A.M.P.  and  R.C. A.  trans¬ 
criptions,  C(  ll.LMBIA,  DECCA  and 
R.C.A.-V'ICT(4R  phonograph  records. 

.\  definite  s«‘tting  of  the  compensator 
is  s|H‘cilied  to  take  care  of  the  individual 
characteristics  of  each  of  these  makes 
t>f  recordings  as  well  as  PRESTO  in¬ 
stantaneous  r«*ct)rdings.  Thus  you  <d»- 
tain  a  iM-rfect,  uniform  reproduction  of 
the  full  ran"e  (.50-9,(M)0  cycles)  of  the 
finest  latersu  recordings. 

In  addition  to  this  valuable  feature 
the  Presto  62-A  turntable  employs  a 
radically  new  drive  system.  The  turn¬ 
table  rim  is  equip|Ted  with  a  heavy, 
live-rubber  tire  driven  by  a  steel  pulley 
on  the  motor  shaft.  IK  ith  this  design 
vibration  is  negligible  and  the  s|>eed  is 
as  steady  as  the  finest  Presto  recording 
turntables.  Speed  may  be  changed  in¬ 
stantly  from  <8  to  33)^  RPM. 

The  pickup  is  equipped  with  a  per¬ 
manent  diamond  stylus  which  may  be 
removed  if  damaged  by  accident  and 
replaced  for  a  few  dollars. 

Attractively  finished  in  two  tones  of 
gray  ami  chromhim,  the  Presto  62-A 
turntable  w  ill  improve  lM>th  the  ap|(ear- 
ance  and  {M'rformance  of  your  station. 

^  rite  tinlay  for  descriptive  folder. 


.A  SERIES  OF  Dykanol  impregnated 
tubular  paper  capacitors.  Type  MD, 
has  been  introduced  by  Cornell-Dubi- 
lier  Electric  Corp.,  South  Plainfield, 

N.  J.  The  following  sizes  are  avail¬ 
able:  0.0001  to  0.15  uf  at  800  volts, 

O. 001  to  0.1  uf  at  1200  volts  and  0.001 
to  0.05  uf  at  1600  volts.  They  are  non- 
inductively  wound  wdth  aluminum  foil 
and  laminated  Kraft  paper.  Also  an¬ 
nounced  by  this  company  are  Types 
JR,  JRC  and  JRX  dry  electrolytic 
capacitors  and  a  series  of  a-c  motor 
starting  capacitors. 


Individualized  to  meet  your 
specific  instrument  design 
specifications. 

Clare  Relays  are  available 
in  innumerable  coil,  contact, 
adjustment  and  timing  com¬ 
binations  —  accurately  made 
of  quality  material. 

Clare  engineers  welcome  an 
opportunity  to  assist  you  in 
your  problems.  Personal  at¬ 
tention  will  be  given  your 
inquiry. 


Microphone 

A  NEW  MICROPHONE,  the  22X,  has  been 
announced  by  The  Turner  Co.,  910  17th 
St.,  N.  E.,  Cedar  Rapids,  Iowa.  The 
frequency  range  is  from  30  to  7000  cps 
and  it  has  an  output  level  of  -52  db. 
The  head  is  full  90  degrees  tilting  for 
semi-  and  non-directional  operation.  It 
has  a  satin  chrome  finish.  It  is  shielded 
and  is  rugged  enough  for  all  kinds  of 
public  address  jobs. 

Sound  System 

A  LOW  PRICE  mobile  public  address  sys¬ 
tem,  Model  172,  for  small  sound  cars 
or  trucks  has  been  announced  by 
Operadio  Manufacturing  Co.,  St. 


Wri/e  fr/r 
CI.AKF  RELAY 
LITERATI  RE 


C.  I>.  4  LARK  &  CO. 

LAWRENCE  &  LAMON  AVES.  -  -  CHICAGO 
15  Edit  26th  St.,  N«w  York  City 
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THE  INDUSTRY  IN  REVIEW 


NewS' 


Literature 


Oliver  C.  Spurling,  who  has  been  in 
charge  of  design  and  construction  of 
Western  Electric  factories  for  thirty 
years,  has  retired  and  is  succeeded  by 
Henry  L.  Ward.  .  .  .  Summerill  Tubing 
Co.,  Bridgeport,  Montg.  Co.,  Pa.  has  a 
new  laboratory  to  aid  in  the  manufac¬ 
ture  of  seamless  tubing.  .  .  .  McMurdo 
Silver  is  General  Manager  and  William 
F.  Diehl  is  Director  of  Manufacturing 
of  the  newly  reorganized  Airplane  and 
Marine  Direction  Finder  Corp.  The 
plant  is  located  at  Clearfield,  Pa.  .  .  . 
A  new  book  on  television,  “Television 
Broadcasting:  Production,  Economics, 
Technique”  by  Lenox  R.  Lohr,  presi¬ 
dent  of  NBC  is  announced  for  spring 
publication  by  McGraw-Hill  Book  Co. 
.  .  .  Bamberger  Broadcasting  Service 
is  surveying  the  New  York  Metropoli¬ 
tan  area  for  the  best  place  to  build  its 
new  frequency  modulation  transmitter. 
The  call  letters  of  the  new  station  will 
be  W2XWI  and  will  operate  on  43.3 
Me  with  1000  watts  of  power.  .  .  .  The 
Vocoder  (voice  coder)  is  a  new  devel¬ 
opment  of  Bell  Labs.  A  person  speaks 
into  it  and  at  the  will  of  the  operator, 
the  voice  is  changed  into  a  whisper,  a 


shout,  monotone  or  with  various  kinds 
of  inflections.  With  this  instrument  a 
singer  is  now  able  to  sing  a  duet  with 
himself.  .  .  .  Cincinnati  is  getting  a 
new  high  speed  teletype  fire  alarm  sys¬ 
tem.  Within  three  seconds  after  the 
signal  is  flashed  from  headquarters, 
the  engine  house  has  the  information 
about  the  location  of  the  fire  and  with¬ 
in  fifteen  seconds  the  apparatus  is  on 
its  way  with  a  typewritten  copy  of  the 
alarm.  It  was  developed  by  the  Tele¬ 
type  Corp.  .  .  .  The  60th  Annual  Meet¬ 
ing  of  the  A.  S.  M.  E.  will  be  held  in 
Philadelphia  Dec.  4-8.  .  .  .  Stewart- 
Warner  Corp.  reports  a  profit  of  $55,- 
948  for  the  third  quarter  of  1939.  .  .  . 
General  Electric  sales  for  the  first  nine 
months  of  the  year  amounted  to  $217,- 
900,154,  an  increase  of  13  per  cent  over 
last  year.  The  profit  available  for  divi¬ 
dends  is  $25,022,631,  an  increase  of  43 
percent  over  last  year.  .  .  .  The  chief 
engineers  of  the  CBS  stations  gathered 
at  the  New  York  headquarters  in  Sep¬ 
tember  for  a  three  day  technical  meet¬ 
ing.  .  .  .  William  B.  Campbell  was 
elected  director  and  executive  vice- 
president  of  National  Television  Corp. 


Fuses.  For  many  purposes  and  fuse 
accessories  are  described  in  Catalog 
No.  8  by  Littelfuse,  Incorporated,  4757 
Ravenswood  Ave.,  Chicago. 

Impedance  Measurements  at  High  Fre¬ 
quencies  with  Standard  Parts  is  the 
title  of  the  feature  article  in  the  Sep¬ 
tember  issue  of  the  Experimenter  pub¬ 
lished  by  General  Radio  Co.,  30  State 
St.,  Cambridge  A,  Mass. 

Insulators.  Steatite  and  Ultra-Steatite 
antenna  insulators,  stand-off  insulators, 
lead-in  insulators  and  entrance  bush¬ 
ings  and  coil  forms  are  described  in 
Catalog  100.  Also  data  on  physical 
characteristics  of  steatite.  General 
Ceramics  Co.,  30  Rockefeller  Plaza, 
New  York. 

Condensers.  Resistors  and  Test  Instru¬ 
ments  are  described  in  the  1939 — 40  28- 
page  catalog  of  Aerovox  Corp.,  New 
Bedford,  Mass. 

Inkless  Recorder.  Described  in  Bulle¬ 
tin  GEA-3187A.  Limit  switches  to  con¬ 
trol  machines  described  in  Bulletin 
GEA-3043,  automatic  lighting  control 
in  Bulletin  GEA-2679B,  and  heat  re¬ 
sisting  varnished  cambric  is  discussed 
in  Bulletin  GEA-3215A.  General  Elec¬ 
tric  Co.,  Schenectady,  N.  Y. 

Wattmeters.  Graphic  wattmeters  are 
discussed  in  The  Graphic,  Bulletin  839 
by  The  Esterline-Angus  Co.,  Indian¬ 
apolis,  Ind. 

Insulation  Tubing.  Specifications  and 
samples  given  on  a  chart  by  Insulation 
Products,  Inc.,  3  East  17th  St.,  New 
York. 

Transformers.  Power  and  audio,  filters 
and  equalizers  with  charts  and  data  in 
Catalog  BC-1  by  United  Transformer 
Corp.,  150  Varick  St.,  New  York. 

Quartz  Crystals.  General  communi¬ 
cation  frequency  quartz  crystal,  holders 
and  ovens  for  frequencies  from  20  kc 
to  30  Me  are  described  in  Catalog  G-11 
by  Bliley  Electric  Co.,  Union  Station 
Building,  Erie,  Pa. 

Storage  Battery.  Edison  D-type  Cell  is 
described  in  a  booklet  by  the  Edison 
Storage  Battery  Division,  Thomas  A. 
Edison,  Inc.,  West  Orange,  N.  J. 

Platinum.  A  discussion  of  Platinum 
Metals  and  the  Chemical  Industry  is 
given  in  a  booklet  by  Baker  &  Co.,  113 
Astor  St.,  Newark,  N.  J. 

Tube  Handbook.  Characteristics  on 


MOBILE  TELEVISION  UNIT 


The  first  showing  of  the  first  Farnsworth  mobile  television  trans¬ 
mitting  unit,  designed  and  built  at  the  firm's  laboratory  in  San 
Francisco,  was  one  of  the  highlights  of  the  "open  house"  and 
banquet  for  radio  dealers  recently.  The  men  who  designed  and 
built  the  mobile  unit  ore,  from  left  to  right,  F.  A.  Crooks,  Edward 
Atkinson,  Bart  Molinari,  chief  engineer  and  designer,  and 
John  Stagnaro 
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Flioiio  Pickups 

A  NEW  CRYSTAL  phonoKraph  pickup, 
Series  X-TUA,  is  announced  by  Web¬ 
ster  Electric  Co.,  Racine,  Wisconsin. 
The  frequency  response  is  from  50  to 
8500  cps  and  it  operates  with  a  2.5 
ounce  needle  pressure.  The  arm  as¬ 
sembly  is  rubber  cushioned  which  elim¬ 
inates  microphonic  feedback  and  re- 


USE  PORTAPOWER  units 


PORT  A  P  O  W  E  R 
Untt.s  are  the  lat¬ 
est  product  of 
this  oldest  and 
largest  maker  of 
vibrator  -  type 
portable  power 
packs.  They  will 
be  found  highly 
satisfactory  for 
the  operation  of 
tranceivers.  mo¬ 
bile  transmitters, 
marine,  and  Pull¬ 
man  v(4Uipment. 


.Since  their  man¬ 
ufacture  in  1932, 
Electronic  I'ower 
Packs  have  been 
thoroughly  tested 
in  actual  use  and 
lire  now  standard 
•■<iuipment  on  the 
iiroducts  of  such 
outstanding  o  r  - 
ganizations  a  s  : 
lieil  Sound  Sys¬ 
tems.  Inc. ;  Collins 
Radio  Company; 
Electronic  Design 
I’orporatton ;  (len- 
e  r  a  1  Electric 
<2ompany:  The 
Halllcrafters 
Inc.;  U|>eradlo 
.Man  ufacturing 
t.’ompany;  Puil- 
m  a  n  Company; 
Ftauiand  Corpora¬ 
tion:  Thorardson 
Eiectrlc  Manufac¬ 
turing  Co. ;  Trans¬ 
former  Corpora¬ 
tion;  U.  S.  Army 
.Air  Corps;  The 
Webster  Com¬ 
pany,  and  Scores 
of  others. 


Write  for  our 
detailed  bulletin 
No.  51  containing 
circuit  diagrams, 
clia  ract  er  ist  ics 
mid  talugrapli. 


duces  “mechanical  reproduction.”  The 
sinple  hole  mounting  facilitates  mount¬ 
ing  to  any  motorboard  from  1  16  to  i 
inch  thick.  It  is  available  with  or  with¬ 
out  a  built-in  pilot  liitht. 


IIU.III.\  KFUt  lKNT  Ol’ER.VTION  (  tlM- 
ItlNKU  WITH  .V  WIDE  .4D.\1*T.AI1II.ITV 
TO  >I.\NY  T\I*E.S  OF  APPLICATION  .  .  . 


If opt  Types  606  and  607 
llefti  Types  604  and  605 
I  right!  Types  601,602,603 


A  NEW  CRYSTAL  phoTioifraph  pickup  is 
also  announced  by  Astatic  Microphone 
Laboratory,  Inc.,  Younjrstow’n,  Ohio. 
It  is  the  Model  AB-8  which  features 
spriniT-axial  cushioning.  It  uses  the 
Astatic  Type  B  cartridge  with  ebonite 
waterproof  coated  crystal  element. 


ELECTRONIC 
LABORATORIES,  Inc. 

122  W.  New  York  Street 
INDIANAPOLIS,  IND. 


A  NEW  DYNAMIC  ML’Ti’AL  conductance 
Tube  Tester,  No.  530,  is  announced  by 
The  Ilickok  Electrical  Instrument  Co., 
10514  Dupont  .\ve.,  Cleveland.  The 
meter  has  three  ranges  of  mutual 
conductance,  0-3000 -6000-1.5000  mi¬ 
cromhos,  as  well  as  itcmkI,  bad  and 


A  practical  Noise  Instrument  for 

Routine  Production  Testing 

in  your  plant 

Industrial  Noise  Analyzer  RA-273 


*  Simplified  controls 

*  Rugged  mechonicol  construction 

*  38  filter  combinations 

*  Large  indicating  meter 

*  Feedback  stabilized  amplifier 

*  A.  S.  A.  standard  sound  meter 

*  Used  with  moving  coil  microphone 
or  vibration  unit 


doubtful  portions  of  the  scale.  The 
roll  chart  which  indicates  the  proper 
positions  of  the  control  knobs  for  the 
various  types  of  tubes  has  been  en¬ 
larged  in  size.  This  instrument  tests 
lubes  of  standard,  octal  and  loktal 
basings.  It  is  available  in  both  counter 
types  and  portable  types. 


FOR  THE  PLANT— I.arge  number  of  hi-  FOR  THE  ENGINEER— .4  convenient  in¬ 
ter  combinations  permits  segregation  strument  for  wide  band  frequency 
of  different  noises  characteristic  of  analysis,  to  assist  in  location  and  eor- 
s|N'eifie  rlefeels  in  assembly.  Simple  reetion  of  noise  sources.  Sound  level 
eonliHils  adaptable  to  prtKluetion  line  measurement  in  accordance  with  .4.  S. 
eonclitittns.  Rugged  design  insures  .4.  standards.  For  more  complete  in- 
calibration  stability  and  reliability.  formation  write  to  the  address  below. 


Sij;iial  Gf'iieralor 

A  LOW  COST  SIGNAL  GENFJtATOR,  Model 
"02,  has  been  introduced  by  Radio  City 
I’roducts  Co.,  88  Park  Place,  New 
York.  It  provides  fundamental,  con¬ 
tinuously  variable  frequencies  from  95 


Electrical  Research  Products  Inc. 

SUBSIDIARY  OF 
Western  Electric  Company 
195  BROADWAY,  NEW  YORK,  N.  Y. 


s 
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RCA  Manufacturing  Co.,  Inc.,  Camden,  N.  J. 
A  Service  of  the  Radio  Corporation  of  America 


▼TVTVVVVVVVVVVVVVVVVTVVTVVV 

BEST  BUY  Iff  ••  7f 


Charles,  Ill.  It  has  a  25  watt  amplifier, 
a  twelve  inch  turntable  with  a  78  rpm 
motor  and  crystal  pickup,  tw'o  twelve- 
inch  permanent  magnet  speakers  and  a 
hand  type  dynamic  microphone.  Pro¬ 
vision  is  made  for  remote  control.  It  is 
designed  to  operate  either  from  a  stor¬ 
age  battery  or  from  a  110  volt  a-c 
pow'er  line.  In  order  to  conserve  power, 
three  separate  switches  are  provided 
for  the  filaments,  genemoter  and  turn¬ 
table.  This  increases  the  useful  length 
of  a  battery  chaige  by  25  to  50  per 
cent. 


A  VALUABLE  AID 
FOR  YOUR 
LABORATORY 

...and  an  nnnsual  value! 
RCA  5-inch  Oscillograph 


Siisit»nts 


Condenser 

The  Kodacap  tubular  condenser  for 
1000  volt  operation  is  announced  by 
Micamold  Radio  Corp.,  1087  Flushing 
Ave.,  Brooklyn,  N.  Y.  The  dielectric 
is  a  special  process  cellulose  derivative 


50  >^  .50  per  pair,  consisting  of 

Z^'net  two  COMPLKTE 

F.O.  B.  N.Y.  .MASTER  STATIONS. 

Complete  two-way  wireless  loud  speakinf 
system.  Perfect  performance.  Plug  into  any 
110-volt  socket,  AC  or  DC.  Equipped  with 
CALL-LISTEN-TALK  switch  and  volume 
control.  Write  for  information  or  catalogue. 

SOLD  ON  10-DAY  TRIAL  WITH  MONEY- 
BACK  GUARANTEE.  ORDER  TODAY. 
Dealer*  and  Distributor*:  write  for  quantity 
discount*. 

If  your  dealer  cannot  supply  you,  write  direct. 

AMPLIFIERS-DISTRIBUTORS  CORP. 

Dept.  E  Chrysler  Bldg.,  New  York 

Sole  Distributors  of  the 

CROSLEY  CHATTABOX 


which  permits  the  size  to  be  about  the 
same  size  as  the  conventional  600  volt 
condenser  of  the  same  capacity  rating. 
Tests  show  the  life  of  the  new  con¬ 
denser  to  be  about  three  times  that  of 
the  paper-insulated  conden.ser. 


You’ll  call  this  RCA  5-inch  oscil¬ 
lograph  a  worth-while  addition 
to  your  laboratory. 

It  embodies  all  of  RCA’s  skill 
and  experience  in  oscillograph 
manufacture.  And  in  addition  to 
performing  all  the  laboratory  func¬ 
tions  of  other  RCA  Oscillographs, 
it  may  also  be  used  for  engine 
pressure  measurements  and  simi¬ 
lar  applications. 

It  offers  you  unusually  wide 
amplifier  ranges  and  its  5 -inch 
screen  is  easy  to  read.  All  controls 
are  conveniently  located  on  front 
panel.  Compact  construction  as¬ 
sures  easy  portability.  An  unusual 
value  at  its  moderate  price.  Stock 
No.  160,  net  price  $130. 

Over  355  million  RCA  radio  tubes 
have  been  purchased  by  radio 
users ...  in  tubes,  as  in  parts  and 


Microphone 

A  NEW  HIGH  fidelity  velocity  micro¬ 
phone,  Model  V-1,  at  a  popular  price 
is  announced  by  Electro-Voice  Mfg, 
Co.,  Inc.,  South  Bend,  Ind.  It  is  small 


yon  could  call  the  roll  ( 

IN  OUR  STOCKROOMS 


They're  all  here — all  the  big  names 
in  radio  today.  Nowhere — outside 
of  the  blue  b<^k — will  you  find  so 
many  famous  manufacturers  rep¬ 
resented.  And  when  you  deal  with 
us — ordering  at  home  to  save  time, 
or  in  person  at  any  one  cf  our 
seven  convenient  branches,  our 
guarantee  —  backed  by  twenty 
years  of  service  to  the  industry — 
is  added  to  the  manufacturer's. 
No  wonder  so  many  engineers 
come  to  us  for  everything  in  radio. 
Have  you  a  copy  of  our  new  1940 
catalog  No.  78?  It's  FREE. 

HaJiio  Wive  Television  ine. 

ionnerlT  WHOLESALE  RADIO  SERVICE  CO.,  INC. 


in  size  and  flexible  in  operation.  The 
frequency  response  is  40  to  10,000  cps 
substantially  flat  when  placed  six 
inches  or  more  from  the  sound  source. 
The  output  is  minus  65  db. 


Relays 

A  NEW  LINE  of  4  and  6  ampere  relays 
for  a  wide  variety  of  light  duty  circuit 
control  purposes  has  been  announced 
by  Leach  Relay  Co.,  5915  Avalon  Blvd., 
Los  Angeles.  The  pole  pieces  are 
nickel  plated,  heat  treated  beryllium 
copper.  All  parts  are  made  and  as¬ 
sembled  so  that  nothing  can  twist  or 
turn  out  of  alignment  and  the  relay  is 
isolated  from  the  frame.  All  iron  parts 
are  cadmium  plated  and  canvas  base 
bakelite  is  used  as  insulation  unless 
otherwise  specified.  The  relay  can  be 
supplied  of  either  a-c  or  d-c  operation. 


NEW  YORK  CHICAGO 

IM  Stedi  Avmm 

■OtTMl  RBWAIX  IA1UUCA.L.I 

V  ro  fsStt  IL  M  OMI  An.  m  mm  a. 
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When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-71  JE  describ  ing  Raytheon  Stabilizers. 

RAYTHEON  MANUFACTURING  CO. 

lOO  Willow  Street,  WALTHAM,  Massachusetts 


NEW 


CIRCUIT  CONTROL  RELAYS 

Light  Duty 


Dependable  operation  of  control  cir¬ 
cuits  is  assured  by  this  new  line  of  4  and 
6  ampere  relays.  Built  to  Leach  quality 
standards.  Nothing  is  grounded  to  the 
frame  and  all  parts  are  constructed  so 
nothing  can  twist  or  turn  out  of  align¬ 
ment.  Can  be  supplied  for  either  AC 
or  DC  operation. 

Write  for  our  NEW  catalog  describ¬ 
ing  our  complete  line  of  dependable 
relays. 


Type  1157:  Contacts  V«"  die. 
Rating:  6  amps,  at  115  volts  AC 
List  Price :  $4.M 


LEACH  RELAY  COMPANY 

S9IS  AVALON  BLVD..  LOS  AN&ELES,  CALIF. 

IS  E.  2«th  St.,  NEW  YORK  CITY  Lawrence  and  Lamon  Avet.,  CHICAGO 


WHY  use  "Makeshifts"? 

The  Cannon  Lin*  of  Gobi*  Connector*  i*  to  divertified  that  innumerable 
adaptations  can  be  made  to  meet  special  needs.  In  fact  many  standard 
CANNON  Plugs  originated  os  adaptations  of  standard  ports,  which  met  with 
such  universal  acceptance  for  other  applications  that  they,  in  turn,  became 
standard. 

Don't  be  sotisfied  with  "makeshift"  plugs.  Consult  Cannon  .  .  .  Perhops 
adaptations  ccm  be  made  to  meet  your  special  requirements.  Inquiries  invited. 
Cannon  plugs  are  pre-aminent  in  aeronauticM.  sound-recording,  geo- 
physicial  research,  ship-con(rol-at-sea  and  for  laboratory  panels. 

CANNON  ELECTRIC  DEVELOPMENT  CO 

★  410UJest  Avenue  33,  Los  Anqeles,  California. 

★  EASTERN  SALES  OFFICE,  220  Fifth  Ave.,NctuYorh,N,Y. 


CANNON  PLUGS 


kc  to  25  Me  with  harmonics  extending 
the  useful  range  to  100  Me.  All  ranges 
are  directly  calibrated  in  frequency 
and  provision  is  made  for  direct  tuning 
or  through  a  5  to  1  planetary  drive. 
Triple  shielding  is  provided  and  in  ad¬ 
dition  the  coil  assembly,  attenuator 
and  r-f  circuits  are  individually  double 
shielded.  400  cps  sine  wave  modula¬ 
tion  (.30  per  cent)  is  provided  by  a 
built-in  oscillator.  X  5-step  ladder  at¬ 
tenuator  is  used  and  provides  an  out¬ 
put  range  from  1  microvolt  to  i  volt. 
It  is  ac  operated  and  the  overall  size  is 
I  8  inches  by  113  inches  by  5  inches.  Also 
i  announced  by  this  company  is  a  ac-dc 
multimeter  and  a  general  utility  meter. 

Power  lliiil 

A  PORTABLE  POWER  unit.  Model  L  Porta 
Power,  designed  to  convert  two  volt 
battery  radios  to  all-electric  operation 
I  is  introduced  by  General  Transformer 
i  Corp.,  1250  West  Van  Buren  .St.,  Chi¬ 
cago.  It  operates  on  105-125  volts, 
50-G0  cycles  and  provides  A  voltage, 
two  volts;  B  voltage,  67i,  90,  112i.  and 
135  volts  and  can  be  adapted  to  45 
I  volts;  and  C  voltage  which  is  variable 
i  from  4J  to  22i  volts  and  two  C  voltages 
I  may  be  provided  if  necessary. 

Portable  Sound  System 

i  A  30-watt  Portable  Public  Address 
j  Unit,  Model  425-GG,  is  offered  by  Op- 
:  eradio  Manufacturing  Co.,  St.  Charles, 
Ill.,  which  incorporate  individual  bass 
j  and  treble  tone  compensators  in  the 
I  amplifier.  The  controls  of  the  unit  are 
I  set  in  an  illuminated  recess  in  the  face 


of  the  amplifier.  Provision  is  made  for 
remote  control.  The  unit  is  contained 
in  two  carrying  cases,  one  holding  the 
amplifier,  microphone  and  floor  stand 
and  the  other,  a  split  case,  in  each  half 
of  which  is  mounted  a  12  inch  perma¬ 
nent  magnet  dynamic  speaker.  Each 
speaker  cabinet  incorporates  an  in¬ 
finite  baffle. 

Mercury  Switches 

A  NEW  LINE  OF  delayed-action  mercury 
switches,  in  both  circuit-opening  and 
circuit-closing  types,  has  just  been  an¬ 
nounced  by  General  Electric  Co.,  Lamp 
Department,  Hoboken,  N.  J.  Time- 
delay  intervals  of  from  i  to  15  seconds 
for  circuit-opening  and  from  i  to  10 
seconds  for  circuit  closing  are  avail¬ 
able.  The  delayed-action  of  the  new 
Kon-nec-tor  switches  is  obtained  by 
the  restricted  flow  of  mercury  through 
a  small  orifice  at  the  bottom  of  a 
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metal  chamber  insiide  the  switch.  When 
the  Kon-nec-tor  is  tipped,  mercury 
flows  into  the  chamber,  then  throujrh 
the  orifice  until  the  circuit  is  imme¬ 
diately  restored  when  the  switch  is 
tipped  back  to  normal  position.  Defin¬ 
ite,  non-ad justable  time  intervals  are 
built  into  the  individual  switches  by 
varyin^r  the  amount  of  mercury  and 
the  size  of  the  orifice. 


A.n  lo.NiZATio.N  Gai'ce,  Type  V(J-1,  ca¬ 
pable  of  readinjr  the  lowest  attain¬ 
able  pressures  is  announced  by  Distil¬ 
lation  Products,  Inc.,  755  Ridfre  Road 
West.  Rochester,  N.  Y.  Because  of  its 
unique  construction,  the  usual  prob¬ 
lems  of  electrical  leakajre  and  out>ras- 
sin>r  are  reduced  to  a  minimum.  It  is 
designed  primarily  for  readinfr  pres¬ 
sures  below  10  ‘  millimeters  and  is  cali¬ 
brated  for  dry  air.  The  filament  is  of 
pure  tunjrsten.  the  >rrid  is  a  spiral  of 
tungsten  wire  and  the  collector  is  a 
thin  film  of  platinum  on  the  inside  of 
the  Pyrex  friass  envelope.  The  tubu- 
lation  is  five-ei>rhths  of  an  inch  inside 
diameter  and  the  overall  size  is  IIJ 
inches  hijrh  and  li  inches  in  diameter. 
Two  urid  leads  are  available  so  that 
the  frrid  may  be  heated  electrically  for 
deKassinK.  The  envelope  being  of  hard 
glass  may  be  safely  torched  with  a 


L ar fit’s t  Required 


DYNAMOTORS 


"7  /  SKI)  in  leadinii  .\ircraft.  Police. 

Marine  and  Amateur  Transmitters 
and  Receivers  where  smooth,  continu¬ 
ous,  trouble-free  performance  is  essen¬ 
tial.  Available  in  the  widest  ran)(e 
made  today — a  complete  line  from  the 
smallest  of  them  all  to  the  larftest 
required.  Also  manufacturers  of  (Con¬ 
verters,  (ienerators,  Nbitors,  .Alter¬ 
nators. 

H'rile  today  for  full  details, 

Ciicc§)ia  Iricw 

517  S.  Loflin  Street,  Chicago,  U.  S.  A. 

Export;  AO.  AURIEMA.  INC..  116  Broad  Street 
New  Vork.  N.  V.  Cable;  Auriema,  New  York 


Secure  IMPROVED  PERFORM- 
AISCES.  Cores  and  prices  lo  meet 
every  need — YOU  CANNOT  AF¬ 
FORD  TO  USE  ANYTHING  IN- 
FERIOR. 

Proven  the  most  dependable  and 
uniform  (electrically  and  physi¬ 
cally)  for  permeability  tuning  and 
push-button  remote  tuning — wave- 
traps,  1  F  transformers  and  antenna 
roils — sensitive  television  circuits, 
etc. 

Our  engineers  with  PRACTICAL 
KNOWLEDGE  collaborate  in  secur¬ 
ing  optimum  original  designs  in 
your  circuits  suitable  for  commer¬ 
cial  manufacture. 


MODEL  AB-8 
CRYSTAL  PICKUP 


Now  advanced  datiqn  incorporating 
iuch  important  features  as  Spring- 
Axial  Cushioning,  Astatic's  famous 
Type  B  (bakelite  encased)  Cartridge 
with  new  internal  damping  to  assure 
permanence,  a  Bander  Crystal  element 
with  "Ebonite"  water-proof  coating, 
and  last  but  not  least,  a  massive  new 
die-cast  arm.  Accommodates  10"  and 
12"  records.  Convenient  threaded  stud 
base.  Eight-inch  mounting  centers. 
Standard  finish,  statuary  bronxe  with 
chroma  trim.  Complete  with  4-ft. 
cable  and  arm  rest.  List  Price  $10.00. 

See  Aitatic  Jobber 
or  Write  tor  Catalog  No.  12 


FERROCART 

CORPORATION  OF  AMERICA 


(D«Yrot«d  •xcluslT«ly  to  onqinoorinq  and 
production  ol  maqnotic  iron  corot) 


ASTATIC  MICROPHONE 
■i  UBORATORY,  Inc. 


Laboratories  and  Works 

Hastings-en-HadBon.  N.  Y.  U.  S.  A. 
Cabl*  Address  "HARAFORD" 

Chicago  Factory  Branch 
2021  S.  Michigan  Avo. 
Telephone  Victory  S423 


YOUNGSTOWN,  OHIO 

LkemteJ  UeJer  Brytk  Dereleement  Ce.  Pxleelt 


K«r(c*’t  ss  Iml  .sou've  lieiiril  about  KCI* 
tent  invtriiiiieiit  suliie.  Koritet  the  talk 
about  qualit.v,  liiifenlou*.  eiKtineerlnK. 
•leviitn  MO  arlvimeed  it  beat**  obt»ole»i'enre 
at  its  own  icaine.  t'heek  tbe  Instruments 
here  on  a  Mt>\HVS  WOKTII  basis. 

I.ook  at  the  features . onsider  the 

Jobs  eaeb  instrument  performs  .  .  .  note 
tbe  low  price.  .Matr’h  these  instruments 
if  you  «-an  dollar  for  ilollar.  Now  add 
Kf'r  loiiK-life  tlependability  anti  you 
too  will  insist  next  time  on  Kt'l’  test 
e4piipmeiit  at  >our  Jobbers.  For  <„mr>/ere 
in/»rm«ti«n  on  all  HI  I’  lest  inslrumertls  send 
far  ri,*H-  free  ealalajt  ^  o .  I  I . 


RCP 

UNIVERSAL  ^ 
SUPERTESTER  | 
MODEL  411  i 


ilAte 


THE  M  (>  Si  T 
COM  l*REHE\. 

SIVE  leislrr  e\fT 

dr%ibed  to  provide  mea«(irenienU  of  Auch  accu* 
racy  in  ranpe*  never  before  available  in  small 
in«triimenl».  I  •e  it  to  rherk  heavy  rurrentv,  u^e 
it  in  Television  lestinft.  Features  ineliide :  3  stafie 
A4;-I>C  vollaice  raniie  lo  .MMMI  voIIn.  3  slafte  .\C- 
IX'.  current  range  lo  ^3  amps.  DC  miiliamps 
0  IH/Ino.  DC-  mi<-r«ttimpSb  0>JD0.  4  stage  ohm* 
meter  range  lo  4.tMN).(MMi  ohm<(.  A.(^  milliampt 
and  D.K.  range*.  In  natural  hard-  Si  A-25 
vbomi  ra*e.  Net  . 


ELECTRONIC 
MULTITESTER 
MODEL  660 


I  ONLY  IN  .4N 
INSTRl  MENT 
COSTING  2  to 
4  times  the  prire  will  you  find  the  bame  extra¬ 
ordinary  ranges,  the  *en*itivity  and  farililies  for 
measuring  large  value*  lhi«  new  vacuum  lube 
volt  •ohmmel  er  offer* .  Kanxe*  up  to  600H  volts 
and  1  billion  ohm*.  loweNi  voltage  reading  O.l 
volts.  (beN  i!s  uniii>iial  sensilivi'y  from  an  input 
resistance  of  JtHhlMMl.tMMl  ohm^.  Total  of  12 
ranges  all  on  direct  reading  master  scales. 
Extreme  operating  *implicity  .  .  .  remarkable 
ver<>alility.  Supplied  complete  in 
hand-rubbed  sloping  walnut  case.  $lg.83 


RCP 
SIGNAL 
GENERATOR 
MODEL  702 


EVEN  FINER 
PERFORM. 

.4NCE  than 

RCP*S  former  *ignal  generator,  and  it  costs  you 
less.  Has  all  lale*l  improvements  in  circuit 
and  mechanical  design.  Fxireniely  wide  all  wave 
coverage  continuously  variable  from  93  Kilocycles 
lo  100  Megocvcies.  OiUpiit  modulated  at  will. 
.30%  modulation  at  400  cycles,  sine  wave  from 
self-contained  independent  400  cycle  circuit. 
4:ienualion  in  approximate  microvolt  calibration 
bv  means  of  five  step  ladder  allenu- 
ator.  Highly  attractive  professional 
appearance.  .4C  operated.  Net  ...  MM 


ODUCTS  CO.  IN  C 


88  PARK  PLACE, 


Y.  C, 
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inch-pounds  and  a  speed  reduction 
ranpe  from  72  to  1  to  2880  to  1  may 
be  supplied.  Lubrication  is  positive.  In 
normal  horizontal  mountings,  the  pri¬ 
mary  worm  is  lubricated  by  an  oiling 
gear  and  the  secondary  worm  by  the 
secondary  gear,  both  of  which  dip  into 
the  oil.  In  the  usual  flange  mounting, 
the  primary  gear  and  secondary  worm 
are  partially  immersed  in  the  oil  bath. 
The  worms  are  ground  from  hardened 
steel,  the  primary  gear  is  of  bakelite 
and  the  secondary  gear  is  of  hard 
bronze. 

Condensers 

A  NEW  LINE  OF  by-pass  and  electro¬ 
lytic  condensers,  manufactured  by  a 
new  etching  process,  is  announced  by 
Ariston  Laboratory,  Chicago.  The  new 
process  insures  a  uniformly  etched  foil 
and  extends  the  life  of  the  condenser. 
They  are  known  as  the  Ariston  New 
Process  Condensers. 

Microphone 

A  NEW  FOUR  magnet  velocity  micro¬ 
phone  known  as  the  M4  was  recently 
announced  by  Universal  Microphone 
Co.,  Inglewood,  Calif.  The  frequency 
range  is  from  40  to  10,000  cps  and  the 
output  level  is  -04  db.  It  is  supplied 


in  a  variety  of  output  impedances.  A 
three  prong  plug  is  provided  to  permit 
grounding  of  center  tap  is  available 
except  on  the  high  impedance  type.  It 
is  equipped  with  adjustable  cradle  and 
thumb  nuts  for  tilting  and  locking  the 
instrument  in  any  desired  position. 

Frequency  Monitor 

.\  VISUAL  FREQUENCY  monitor.  Model 
FD-8,  has  been  announced  by  Doolittle 
&  Falkner,  Inc.,  7421  Loomis  Blvd., 
Chicago.  The  instrument  consists  es¬ 
sentially  of  a  converter  tube  operating 
in  conjunction  with  an  integral  crystal 
controlled  oscillator  which  heterodynes 
the  signal  being  monitored  producing 
an  audio  beat  note.  This  note  is  ampli¬ 
fied  and  applied  to  an  electronic  count 
ing  device  which  produces  a  direct 
indication  of  frequency  deviation  on  a 
meter.  The  meter  is  calibrated  from 
0  to  1000  cps,  but  the  range  may  be 
extended  to  10,000  cps  by  a  switch. 
The  unit  may  be  coupled  to  the  trans¬ 
mitter  through  a  shielded  lead  and 
pickup  coil  or  if  a  number  of  trans¬ 
mitters  are  to  be  measured,  sufficient 
pickup  can  usually  be  obtained  from 
a  short  antenna.  The  frequency  range 
is  from  1600  kc  to  50  Me. 


THE  STANDARDS  •  FERRIS  INSTRUMENTS 

*  M/crovo/fers  •  Standard  Signal  Generators  •  Radio  Noise  Meters 

32A  Radio  Noise  Meter 
33A  Crystal  Calibrator 
300A  Regulated 
Power  Supply 


16C  Precision  Standard 
14C  Laboratory  Standard 
22A  General  Purpose 
20 A1  Production  Testing 
18B  Ultra  High  Frequency 

•Rtg.  U.  S.  Pat.  Off. 


Write  for  bulletins  for 
complete  details 


FERRIS  INSTRUMENT  CORPORATION 


BOONTON,  NEW  JERSEY 


SPECTRUM 


FOR  TELEVISION  TUBES 


Callite  Products,  pioneer  in  FLUORESCENT  MATERIALS, 
now  has  available  ior  immediate  delivery  SILICATES  and 
TUNGSTATES,  in  all  colors  in  the  spectrum,  ior  Cathode 
Ray  Television  Tube  applications.  Callite  engineers  will 
be  glad  to  cooperate  with  you  in  finding  the  proper 
fluorescent  material  for  your  tube  design. 


CALLITE  LEAD-IN  WIRES 

or  TUNGSTEN— MOLYBDENUM— KULGRID 


Tungsten  in  Callite  Hard  Class  Welds  is  pro¬ 
cessed  to  give  compact  fibrous  structure  free 
from  longitudinal  cracks  and  is  centerless 
ground  to  eliminate  surface  imperfections. 

Molvbdenum  supports  are  rigid  and  maintain 
proper  alignment  of  tube  parts.  Only  pure 
metals  of  best  quality  are  used. 

Accept  no  interior  substitutes.  For.  .q.  Strand  does  not  oxidize,  does  not 

more  detoiled  intonnation  write  to,  ”  l...i  ■  ■■  j.i 

engineering  department.  Your  in-  become  brittle,  and  welds  more  readily  to 
guiries  are  invited.  tungsten  and  copper. 


CALLITE 


PRODUCTS 
D  I  V  I  S  'I  O  N 


EISLER  ELECTRIC  CORP.  •  544  39lh  ST.  •  UNION  CITY.  N.  J. 
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You 

Better! 


#  Our  offices  are  now 
combined  with  our  recently 
built,  modernly  equipped 
manufacturing  plant  which 
has  been  operating  for  the 
past  several  months  in  a 
most  satisfactory  manner, 

#  Our  present  greatly  en¬ 
larged  manufacturing  ca¬ 
pacity  will  enable  us — even 
more  so  than  ever  before — 
to  render  that  prompt  and 
efficient  service  to  which 
our  customers  have  become 
accustomed  during  the  last 
several  years. 

#  It  will  also  make  it  pos¬ 
sible  for  us  to  extend  our 
service  and  to  make  addi¬ 
tions  to  our  constantly  wid¬ 
ening  circle  of  friends. 

Manufacturers  of 
quality  recording 
equipment  and  re¬ 
cording  blanks. 

ALLIED  RECORDING 
PRODUCTS  COMPANY 

21-09  43rd  Avenue 
Long  Island  City,  N.  Y. 
Phone — Stillwell  4-2318 

Cable  Address:  Allrecord 


flame.  In  this  way  the  glass  and  the 
collector  which  is  a  thin  coating  on  the 
inside  wall  are  both  freed  of  occluded 


Coil  Form 

An  ultra-low-loss  coil  form  molded 
of  Amphenol  912  pure  polystyrene  has 
been  announced  by  American  Phenolic 
Corp.,  1250  West  Van  Buren  St.,  Chi¬ 
cago.  They  will  not  absorb  moisture 
and  will  maintain  the  Q  of  the  coil  with 
no  insulation  losses.  The  coils  may  be 
painted  with  Liquid  912  coil  dope  to 
keep  moisture  out  of  winding  and  to 
keep  winding  tight.  No  holes  are  pro¬ 
vided  in  this  form  because  of  the  ease 
of  drilling. 

Record  Changer 

A  LOW  COST  automatic  record  changing 
mechanism,  identical  in  design  with 
the  changer  used  in  the  finest  current 
Victrolas,  is  announced  by  RCA  Manu¬ 
facturing  Co.,  Camden,  N.  J.  It  will 
play  seven  twelve-inch  records  or  eight 
ten-inch  records  automatically  and  rec¬ 
ords  of  any  size  may  be  played  manu¬ 


ally.  This  record  changer  (Stock  No. 
9865)  has  a  top  loading  crystal  pickup 
with  an  automatic  needle  ejector.  When 
removing  a  used  needle  before  loading 
the  pickup,  it  is  only  necessary  to 
loosen  the  needle  screw  and  push  the 
ejector  lever  down.  Dimensions  of  the 
motor  board  are  143  inches  wide  and 
Hi  deep  and  the  space  required  above 
the  motorboard  is  4i  inches. 

Speed  Reducer 

A  SPEED  REDUCER  motor  designed  pri¬ 
marily  for  very  low  speeds  and  high 
torques  has  just  been  announced  by 
Bodine  Electric  Co.,  2264  W.  Ohio  St., 
Chicago.  The  motor  develops  from 
1/50  to  1/20  horsepower,  depending  on 
the  gear  ratio  used.  Speeds  as  low  as 
0.6  rpm  and  torques  as  high  as  350 


PROFESSIONAL 

SERVICES 

(Ralet  on  Apptieation) 


ELECTRICAL  TESTING 
LABORATORIES 

Cbaracterlstlni 
of  Vacuum  Tubes 

Testa  of  photo  cclla.  alow  lamps,  crater  lamps. 
Testa  of  electronic  and  optical  derlces 
East  End  Avenue  and  79th  Street 
New  York.  N.  Y. 

Phone:  Uutterfteld  8-2#00 


INTERNATIONAL  ELECTRONICS,  INC. 

DESIGN  AND  DEVELOPMENT 

Radio  .  Telerlston 

Sound  .  Electronlca 

MANUFACTURING  METHODS 

I'ondeniera  .  Tuttea  .  Raalstora 

Vibrators  .  Lamps  .  Speakers 

630  Fifth  Avenue  New  York.  N.  Y. 

Cable:  Interengin.  New  York 


HAROLD  J.  McCreary 

Mem.  A.I.E.E.  A  W.S.E. 
Consulting  Engineer 

Laborator)’  Facilities 
Research  Klectronks 

Development  Television 

Design  Radio 

Factory  Practise  Railroad  Slgnallni 
Patent  Studies  Telephony 

IDS  W.  Adams  St.  Phone  STate  4003  Chicago.  III. 


PHOTOBELL  CORPORATION 

Consultation — Designs — Models 

Photo-electric  applIcaUotu  for  lndu.stry 
t'Ol'NTlXO:  cans,  cartons,  iwoplr 
rONTR<)I.S:  machinery,  weighing,  signs 
AI.AR.M.S:  burglar,  smoke,  etc 

125  Liberty  Street,  New  York  City 


oXFono 


~~  that 

VlTAUZE 


PERMAG  DYNAMIC-ELECTRO  DYNAMIC 

From  2"  to  14"  Spoakert 

Engineers  require  top  Quality  and  Value  that 
is  why  these  two  vital  requisites  are  foremost 
in  every  Oxford  speaker  regardless  of  original 
pioneering,  engineering  or  development  costs. 
For  speakers  that  Vitalize  sound  and  minimize 
cost — specify  Oxford. 


MAR-  I 
THIS  1 
coupoh] 

NOW 


Enclo..<J  P*^i 

MndVTc'i*  bbd  “O'  ** 


Okford-Tbribh. @ 

•  AOlO  C'OaPOtATION  ' 


.FAN  iutfS  St  •  CmKaGO  O  S 
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McGraw-Hill 

RADIO 

ENGINEERING 

LIRRARY 

—  especially  selected  by  radio  specialists  of 
McGraw-Hill  publications 

—  to  give  most  complete,  dependable  cov¬ 
erage  of  facts  needed  by  all  whose  fields 
are  grounded  on  radio  fundamentals. 

—  available  at  a  special  price  and  terms 

These  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
subjects — aive  specialized  treatment  of  all 
fleids  of  practical  design  and  application. 
They  are  books  of  recognized  position  In  the 
literature— books  you  will  refer  to  and  be 
referred  to  often.  If  you  are  a  researcher 
or  experimenter — If  your  Interest  In  radio  la 
deep-set  and  based  on  a  real  desire  to  go 
further  In  this  field — you  want  these  books 
for  the  help  they  give  In  hundreds  of  prob* 
lems  throughout  the  whole  field  of  radio 
engineering. 

5  yolumet  3319  pages,  2298  illusirations 

1.  Eastman’s  FUNDAMENTALS  OF 

VACUUM  TUBES 

2.  Terman’s  RADIO  ENGINEERING 

3.  Everitt’s  COMMUNICATION  ENGL 

NEERING 

4.  Hund’s  HIGH-FREQUENCY  MEAS¬ 

UREMENTS 

3.  Henney’s  RADIO  ENGINEERING 
HANDBOOK 

Special  Low  Price  and  Easy  Terms 

nought  singly,  the  five  volumes  comprising 
this  library  would  cost  you  $24.60.  Under 
this  offer  you  save  $2.60  and,  in  addition, 
have  the  privilege  of  paying  In  easy  Install¬ 
ments  beginning  with  $2.60,  10  days  after 
receipt  of  the  books,  and  $3.00  monthly  there¬ 
after.  Already  these  books  are  recognized  as 
standard  works  that  you  are  bound  to  require 
sooner  or  later.  Take  advantage  of  these  con¬ 
venient  terms  to  add  them  to  your  library  now. 

SKND  THIS  ON  APPROVAL,  COUPON 


M'-Qraw-Hlll  Book  Cs.,  Ine. 

W.  42nd  8t.  New  Ysrk.  N.  Y. 

i^end  me  the  McOraw-HllI  Radio  Engineering  library 
3  volz.,  for  10  days'  ezaminsUon  on  spprorsl.  In  10 
dsM  I  will  send  $2.60.  plus  few  cents  postage,  and 
$.1  no  monthly  till  $23.50  Is  paid,  or  return  books  post¬ 
paid.  (We  pay  postage  on  orders  accompanied  by 
remittancs  of  first  Installment.) 

Name  . 

Aliflretl  es.seeeseseeaeesesseessesseesseessesssseeeeees 

Cltr  and  State  . 

PosMon  ...^ . 

I'otiiinny  . L  11-39 

IBooks  teat  on  approval  In  C.  8.  and  Canada  only. I 


SOUTH  SAN  F«ANCtSCO\  ITO 


CAliFOtNIA  USA 


TYPE  892  SIX  POSITION 

BANE)  SWITCH 


•  Will  Handle  1  kw  Power 

•  Versatile  Application 

•  Nickel  Silver  Contacts 

•  Alsimag  Insulation 

•  Low  Loss  —  Reliable 

•  Rating  at  1  me: 

15  Amps.  4000  Volts 

WRITE  FOR  DATA 


KAUFMAN 


HEINTZ 


oscillator.s  into  the  power  supply  is  1 
also  filtered  out  by  this  system.  | 
Tubes  5,  6  and  7  operate  similarly 
for  the  65  volt  tap  on  the  voltage 
divider  network. 

Because  the  voltage  regulation  of 
the  output  of  the  5V4G  and  supply 
transformers  is  poor,  the  filter  tube  i 
plates  can  be  considered  as  operating 
primarily  as  variable  loads  rather 
than  to  sujiply  a  180  degree  out  of 
jihase  hum  liucking  voltage. 


('<>  tit  rill  I ‘a  lie  I 

The  musician’s  control  panel  al¬ 
ready  shown  in  Fig.  4  will  be  gener¬ 
ally  understood  from  the  foregoing 
I  description.  The  "combination”  knob 
.set  at  “percussion”  instantly  gives  : 

I  the  piano  effect  by  mechanically  set-  ' 
ting  uj)  the  proper  positions  of  the  ' 
other  knobs  for  correct  piano  timbre  , 
and  envelope.  At  the  “singing”  posi-  , 
tion  any  previous  set-up  of  knobs  is 
cancelled  out  and  a  new  combination 
immediately  arranged  mechanically, 

^  consisting  of  a  mellow  tone  quality  ' 
,  and  organ-like  attack.  The  volume 
knob  position  determines  the  maxi- 
I  mum  volume  obtainable  by  full  de- 
1  pression  of  the  foot  volume  pedal. 
The  Starter  is  necessary  to  insure 
the  starting  of  the  pendulum  vi¬ 
bratos  into  motion. 

The  Novachord  is  the  first  com¬ 
mercial  pure  electronic  musical  in- 
I  strument  possessing  a  full  keyboard 
I  on  which  chords  may  be  played. 
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Bio-millivoltmeter 

(Continued  from  page  25) 

former  of  the  saturated  field  type. 
In  order  to  produce  further  refine¬ 
ment  in  stability,  the  d-c  power  sup¬ 
ply  is  shunted  by  a  voltage  regula¬ 
tor  tube. 

The  probable  error  in  stability 
due  to  variations  in  circuit  elements 
is  halved  in  this  type  of  circuit  as 
compared  to  the  usual  in-line  resist¬ 
ance  coupled  amplifier  since  all  the 
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The  Novachord 


(Continued  from  page  19) 


become  weaker  while  the  accentuated 
melody  is  bein^  played.  Also  the 
panel  “Balancer”  control  slijjhtly  in¬ 
creases  or  diminishes  the  volume  of 
the  lower  half  of  the  keyboard  and 
the  timbre  controls  are  helpful.  The 
action  of  the  left  sustaining  pedal  is 
split  at  center  of  keyboard  so  that 
only  lower  half  may  be  sustained  if 
desired. 

The  foot  pedal  voltime  control 
operates  a  350  /t/if  variable  con¬ 
denser  to  vary  the  jrain  of  a  pre¬ 
amplifier  tube  throLijrh  alterin^^  the 
plate  to  Ki'ifi  negative  feedbjick. 
This  eliminates  the  problem  of  the 
continuous  wear  of  resistor  switch 
points  as  well  as  forming  a  stepless 
variable. 

As  the  loudspeaker  is  pointed 
towards  the  tloor  at  a  slanting  an^le, 
the  high  frequencies  are  diffu.sed  and 
the  chance  of  a  li.stener  or  player 
beinjr  located  within  the  uncomfort¬ 
able  treble  radiation  cone  lessened. 

The  power  amplifier  is  a  standard 
Hammond  Orjran  amplifier,  usint; 
two  Type  56  input  tubes  and  four 
Type  2 A3  output  tubes  in  push  pull 
parallel.  The  power  consumption  of 
the  entire  self-contained  instrument 
is  450  watts,  less  than  what  mijrht 
be  expected  since  the  tubes  are  oper¬ 
ated  extremely  conservatively. 

Power  Pack 

The  plate,  .screen  and  tjrid  voltages 
for  the  o.scillators,  dividers  and  con¬ 
trol  tubes  are  exceptionally  well 
filtered  and  isolated  by  a  power  pack 
employing  vacuum  tubes  in  place  of 
the  usual  filter  condensers. 

Referring  to  Fig.  9  it  ’s  seen  that 
j  the  rectifier  tube  supplies  250  volts 
1  betw’een  terminals  1  and  5,  with  the 
filtering  by  the  following  three 
tubes.  The  action  is  explained  as 
follows.  If  a  small  ripple  appears 
in  the  250  volt  line  it  will  be  im- 
pre.ssed  on  the  cathode  of  the  first 
filter  tube,  6J7G,  through  the  con¬ 
densers  and  will  be  amplified  by  the 
next  tube,  6J5G.  The  amplified  rip¬ 
ple  will  then  appear  across  i?,  and 
will  drive  the  next  tube  which  is 
the  actual  filter,  and  the  plate  cur¬ 
rent  of  this  tube  will  change  in  such 
a  way  that  it  opposes  the  original 
ripple  in  the  line  and  is  of  such  value 
that  it  cancels  it  out.  Any  high 
frequency  ripple  introduced  by  the 
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elements  are  functionally  duplicated 
in  reverse  jihase.  Wherever  possible 
wire  wound  resistor  elements  are 
used  and  the  instrument  should  be 
allowed  ample  time  for  heating  be¬ 
fore  balancing  and  using. 

Thus  far  only  one  stage  has  been 
considered.  Several  stages  can  be 
coupled  together  in  this  type  of  am¬ 
plifier  by  connecting  the  plate.s 
directly  to  the  input  grids  of  the 
next  stage  of  amplification.  The 
second  stage  is  functionally  identical 
to  the  first.  The  grid  potentials  of 
the  second  stage  are  highly  positive 
because  of  this  connection.  It  is 
therefore  necessary  to  insert  a  high 
enough  value  of  resistance  between 
the  cathodes  of  this  stage  and 
ground  so  that  the  net  potential  be¬ 
tween  grid  and  cathode  will  be  such 
that  the  grids  are  slightly  negative 
(about  1.5  volts).  Incidentally,  this 
type  of  amplifier  is  unique  in  that 
only  one  high  voltage  source  is 
utilized  in  a  multi-stage  circuit. 
When  using  two  stages  it  is  of  ut¬ 
most  importance  that  the  balancing 
adjustment  (P,)  be  accurately  set 
so  that  the  potentials  at  both  plates 
of  the  first  stage  are  equal.  It  is 
obvious  that  any  inequalities  in  po- 
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STATEilENT  OF  THE  OWNERSHIP.  MANAGEMENT. 
CUtClLATION.  ETC..  REOUIRED  BY  THE 
ACTS  OF  CONGRESS  OF  ADOUST  24. 
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Of  Electronics,  published  monthly  at  Albany,  N.  Y.. 
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Before  me.  a  Notary  Public  in  and  for  the  State  and 
county  aforesaid,  personally  appeared  D.  C.  MrOraw. 
who,  baring  been  duly  sworn  according  to  law,  deposes 
and  says  that  he  is  the  Secretary  of  the  McOraw-Hlll 
Publishing  Company.  Inc.,  publishers  of  Electronics, 
and  that  the  following  la,  to  the  best  of  hts  Imowledge 
and  belief,  a  true  atatement  of  the  ownership,  manage¬ 
ment  (and  if  a  dally  paper,  the  circulation),  etc.,  of 
the  aforesaid  publication  for  the  date  shown  in  the 
above  caption,  required  by  the  Act  of  Auguat  24.  1912. 
aa  amended  by  the  Act  of  March  3.  1933.  embodied 
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in  secilon  537.  Poalal  Lawi  and  itegulatlons.  printed 
on  the  reverse  of  thli  form,  to  wit: 

1.  That  the  names  and  addresses  of  the  publisher, 
editor,  managing  editor,  and  businesa  managers  are: 
I’uhllsher.  McOraw-HIU  Publiahing  Companv.  Inc.,  83» 
West  42nd  St..  N.  Y.  C.  Editor.  Keith  Henney.  3.30 
West  43nd  N.  Y.  C.  5lanaglng  Editor.  Donald  C. 
Fink.  330  West  42nd  St..  N.  Y.  C.  Bualnesa  Manager 
II  W.  Mateer,  330  W.  42nd  SU.  N.  Y.  C. 

2.  That  the  owner  la:  (If  owned  by  a  corporation.  Its 
name  and  address  must  be  ststed  and  aln  Immedialelv 
thereunder  the  names  and  addresses  of  stockholders  own¬ 
ing  or  hnldini  one  per  cent  or  more  of  total  amount  of 
storlL  If  not  owned  bv  a  corporation,  the  names  ao'l 
addresses  of  the  Individual  owners  must  be  given.  If 
owned  by  a  firm,  company,  or  other  unlncomorated  eon- 
rera  Its  name  and  address,  ss  well  aa  those  of  each 
Individual  member,  must  be  given.)  McOraw  Hill  Pub¬ 
lishing  Company.  Inc.,  330  West  43nd  St.  N.  Y.  C 
Stockholders  of  which  are:  James  H.  McOraw.  330  West 
42nd  St.  N.  Y.  C.  James  H.  McOraw  Jr.  S"i> 
West  42nd  St,  N.  Y.  C.  James  11.  McOraw.  James  II 
MrOraw,  Jr.,  and  Otrtls  W.  kIcOraw.  Trustees  for 
Ifamid  W.  MrOraw.  James  H.  MiGraw.  Jr  .  Donald  C 
McOraw,  Curtla  W.  McQraw:  Curtla  W.  MrOraw.  3.10 
Wait  42nd  St..  N.  Y.  C.  Donald  C.  McOraw  .330  West 
42nd  St.  N.  Y.  C.  Anne  Hugus  Britton.  .330  West  42n'l 
St..  N  Y.  C.  Jllldred  W,  kIcOraw.  Madison.  N.  J. 
Grace  W.  Mefarcn.  73  No.  Country  Cl-tb  Drive.  Phoenli. 
Aril.  J.  Malcolm  Muir  A  Oiiaranty  Trust  Co.  of  New 
York.  Trustees  for  Lida  Kellv  Muir.  140  Broadway. 
N.  Y.  C.  F.  S.  Weatberby.  371  CUaton  Road.  Brook 
line.  Maas. 

3.  That  the  known  bondholders. 'mcrtgagees.  and  other 
security  holders  owning  or  boldliut  1  >er  cent  or  more  of 
total  amount  of  bonda.  mortgages,  or  other  securities 
are:  (If  there  are  none,  ao  state. I  None. 

4  That  the  two  paragraphs  next  above,  glvlnt  the 
names  of  the  owners,  stockholders,  and  security  holden. 
If  any,  contain  not  only  the  list  of  stockholders  sni! 
security  holders  as  they  appear  upon  the  books  of  the 
company  but  also.  In  cases  where  the  etockholdcr  or 
security  holder  appears  upon  the  books  of  the  compan.' 
as  trustee  or  In  any  other  fiduciary  relation,  the  name  of 
the  person  or  corporation  for  whom  such  trustee  Is  act¬ 
ing.  is  given:  also  that  the  said  two  paragraphs  contain 
statements  embracing  afllant's  full  knowledge  and  belief 
as  to  the  circumstances  and  conditions  under  which 
stockholders  and  security  holders  who  do  not  appear 
upon  the  books  of  the  company  as  trustees,  bold  stork 
and  securltiea  In  a  capacity  other  than  that  of  a  bona 
fide  owner:  and  this  affiant  has  no  reason  to  believe 
that  any  other  person,  association  or  corporation  has 
any  Interest  direct  or  Indirect  In  the  said  stork,  bonds, 
or  other  securities  than  as  so  stated  by  him. 

5.  That  the  average  number  of  copies  of  each  Inus  of 
this  publication  sold  or  distributed,  through  the  mall- 
or  otherwise,  to  paid  subscribers  during  the  twelve  montlL- 
piecedlng  the  date  shown  above  Is.  (This  Information 
Is  required  from  dally  publications  only. ) 

D.  C.  McORAW.  Secretary. 

MrORAW-HILL  PUBLISHING  COMPAJTY.  INC. 

Sworn  to  and  subscribed  before  me  this  2Sth  day  of 
September,  1939. 

[SBAL]  H.  E  BEIRNE. 

Notary  Public,  Nassau  County.  Clk'a  No.  84.  N.  Y. 
CU’a  No.  98.  Reg.  No.  O  B-90. 

(My  commission  txplres  March  30,  1940) 
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tential  will  be  amplified  in  the  second  j 
stage  and  render  the  instrument  use-  ! 
less.  j 

The  instrument  described  is  linear 
within  the  range  of  zero  to  4  milli¬ 
volts.  The  total  amplification  using 
two  stages  is  6,000;  with  only  the 
first  stage,  a  gain  of  202  is  obtained. 
The  amplification  of  either  stage  can  i 
be  readily  increa.sed  by  decreasing  | 
the  resistance  of  the  potentiometers  j 
Px  and  Pf  However,  this  procedure 
would  give  less  flexibility  in  balanc¬ 
ing.  A  maximum  gain  of  about 
20,000  has  been  obtained  in  this  i 
manner,  but  such  sensitivity  is  1 
unnecessary.  To  increase  the  volt-  I 
age  range  of  the  instrument,  a  re¬ 
sistance  of  1,200  ohms,  the  critical  ! 
damping  value,  may  be  shunted 
across  the  galvanometer.  Calibration 
of  the  meter  is  accomplished  with  a 
Leeds  and  Northrop  standard  cell 
and  standard  resistances. 

In  the  first  stage.  Type  1603  low 
microphonic  tubes  were  used  to  re¬ 
move  any  possibility  of  spurious 
readings  due  to  mechanical  vibra¬ 
tion.  In  the  second  stage,  the  Type 
6J7  was  used  since,  being  disposed 
unsymmetrically  relatively  close  to 
the  power  transformer,  the  metal 
shell  serves  to  shield  the  elements 
from  stray  fields. 

Before  operating  the  instrument, 
20  minutes  should  be  allowed  for  it 
to  reach  operating  temperature.  The 
galvanometer  is  switched  into  the 
plate  circuit  of  the  first  stage  and 
by  means  of  the  potentiometer  P, 
the  amplification  of  both  valves  is 
equalized  so  that  the  meter  reads 
zero.  Then  the  galvanometer  is 
switched  to  the  output  of  the  second 
stage  which  is  now  balanced  by 
means  of  potentiometer  P,  so  that  a 
zero  deflection  is  again  obtained. 
The  machine  is  now  ready  to  be 
used.  Electrodes  should  be  connected 
to  the  input  by  means  of  shielded 
microphone  cables  having  a  single 
pole  pu.sh  switch  in  the  line  to  close 
the  circuit. 
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Amplitude  ±  I  db  from  20 —  15,000  cps 
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3€ayb^  ^UDAX  u^as  iaa  gaad 
but  fioir  u^hfit  happens! 


,_yhroughout  the  engineering  field  the  8uperh  quality  of 
MICRODYINE  is  unquestioned — universally  aceeptetl  as 

"The  Standard  by  Which  Others  Are 
Judged  and  Valued" 

Here  and  there  are  those  who,  in  the  past,  held  that  ALD.W 
was  better  than  was  necessary  for  present  recordings  .  .  . 
However,  with  the  advent  of  the  new  recording  technique 
comes  the  startling  realization  that  MICRODYNE  has  really 
been  one  step  ahead  of  the  industry. 

For  OPTIMUM  results  with  this  new  type  record,  says  the 
manufacturer,  the  quality  of  the  pickup  is  vitally  important, 
demanding  unequivocally : 

umilormly  good  reaponue  to  8,000  egetea 
loir  Hrrdlr  eomplimiiee 
aharmrr  ol  harmonic  dtalortioa 
loir  prcaamre  on  reproducing  point 

Here  is  a  virtual  synopsis  of  the  very  properties  which 
AUDAX  pickups  demonstrate  day  in  and  day  out  on  the 
finest  sound  equipment  in  the  land! 

Maybe  we  WERE  too  good  .  .  .  but  now  it  is  evident  that 
AUDAX  standards  must  become  the  industry's  standards  .  .  . 
because  you  can't  get  to  first  base  with  these  new  recordings, 
unless  you  employ  a  pickup  as  good  as  MICRODYNE. 

MICRODYISE — regardless  of  climatic  conditions — delivers 
consistently  uniform  response  to  8,000  cycles  and  beyond, 
with  the  sharp,  clean-cut  definition  of  the  finest  Magneto- 
Inductive  Pickup  .  .  .  yet  for  all  its  superlative  quality, 
COSTS  ISO  MORE  THAIS  THE  ORDHSARY  PICKUP. 
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